





















BELIEFS AND TRUST: AN EXPERIMENT 
 






























Wloexuj Xqlyhuvlw| / Ghsduwphqw ri Hfrqrplfv/ Wloexuj/ Wkh Qhwkhuodqgv
￿




Lq wklv sdshu/ zh dgguhvv wkh frqfhsw ri wuxvw e| frpelqlqj +l, wkh vhoi0uhsruwhg wuxvw
dqg eholhi lq wuxvwzruwklqhvv ri rwkhuv iurp d jhqhudo xqsdlg txhvwlrqqdluh/ +ll, fkrlfhv
pdgh lq d vrfldo ydoxdwlrq wdvn ghvljqhg wr phdvxuh vxemhfwv* glvwulexwlrqdo suhihuhqfhv/
+lll, vwudwhjlhv vxeplwwhg lq wkh wuxvw jdph lq erwk urohv ri wkh jdph/ dqg +ly, vxemhfwv*
eholhiv derxw wkh vwudwhjlhv ri wkhlu fr0sod|hu vxeplwwhg lq wkh irup ri suredelolw| glvwulex0
wlrqv dqg lqfhqwlyl}hg e| wkh txdgudwlf vfrulqj uxoh1 Z h vkrz wkdw wuxvw fdq eh h{suhvvhg
dv d eholhi lq srvlwlyh uhflsurflw| ri wkh wuxvwhh/ dqg dqvzhuv wr jhqhudo txhvwlrqqdluh odfn
suhglfwlyh srzhu1 Glvwulexwlrqdo suhihuhqfhv dovr sod| d uroh lq wkh ghflvlrq wr wuxvw lq
wkdw wkh| dhfw wkh vxemhfwv* eholhiv derxw wkh srvlwlyh uhflsurflw| ri rwkhuv1 Frrshudwlyh
vxemhfwv duh pruh rswlplvwlf lq wkhlu eholhiv dqg wkhuhiruh wuxvw pruh1
MHO Fodvvlfdwlrq= F:5> F<4
Nh| zrugv= H{shulphqwdo hfrqrplfv> W uxvw> Eholhiv> Glvwulexwlrqdo suhihuhqfhv
￿
Mdqd Y|udvwhnryd uhfhlyhg vxssruw iurp wkh QZR YHQL judqw1 Z h dovr wkdqn Xqlyhuvlw| ri Olyhu0
srro/ Pdqdjhphqw Vfkrro iru vxssruw uhfhlyhg lq uxqqlqj wkh h{shulphqwv/ dqg Euhqgdq PfFdeh/ Vdqghu
Rqghuvwdo dqg Mxold Zùu} iru frpphqwv rq dq hduolhu yhuvlrq ri wklv sdshu1 Sohdvh vhqg doo frpphqwv wr
Mdqd Y|udvwhnryd/ Wloexuj Xqlyhuvlw|/ Ghsduwphqw ri Hfrqrplfv/ S1R1 Er{ <3486/ 8333 OH Wloexuj/ Wkh
Qhwkhuodqgv1 Who= .640460799 63::/ Id{= .640460799 6399/ Hpdlo= M1Y|udvwhnrydCxyw1qo14 Lqwurgxfwlrq
W uxvw lv riwhq ghqhg rshudwlrqdoo| dv dq h{suhvvlrq ri wkh wuxvwru*v eholhi lq wkh srvlwlyh
uhflsurflw| ri wkh wuxvwhh1 Lq wklv sdshu/ zh frpelqh vhyhudo vrxufhv ri lqirupdwlrq lq
rughu wr rewdlq lqvljkw lqwr wuxvw= +l, wkh vhoi0uhsruwhg wuxvw dqg eholhi lq wuxvwzruwklqhvv
ri rwkhuv iurp d jhqhudo xqsdlg txhvwlrqqdluh/ +ll, fkrlfhv pdgh lq d vrfldo ydoxdwlrq wdvn
ghvljqhg wr phdvxuh vxemhfwv* glvwulexwlrqdo suhihuhqfhv/ +lll, vwudwhjlhv vxeplwwhg lq wkh
wuxvw jdph lq erwk urohv ri wkh jdph/ dqg +ly, vxemhfwv* eholhiv derxw wkh vwudwhjlhv ri wkh
dqrq|prxv rwkhu vxemhfw wkh| zhuh pdwfkhg zlwk/ vxeplwwhg lq wkh irup ri suredelolw|
glvwulexwlrqv dqg lqfhqwlyl}hg e| wkh txdgudwlf vfrulqj uxoh1 E| wklv xqltxh pl{ ri lq0
irupdwlrq/ zh dgguhvv wkh txhvwlrq zkhwkhu wuxvw fdq eh h{suhvvhg dv d eholhi lq uhwxuq/
dqg vlpxowdqhrxvo| / zkdw uroh wkh vxemhfwv* glvwulexwlrqdo suhihuhqfhv sod| lq wkh dfw ri
wuxvwlqj dqrwkhu vxemhfw1 Dgglwlrqdoo| / suhglfwlyh srzhu ri jhqhudo xqsdlg txhvwlrqqdluhv
fdq eh dvvhvvhg e| uhodwlqj wkhp wr vxemhfwv* dfwxdo ehkdylru dqg eholhiv uhsruwhg xqghu
lqfhqwlyhv jxdudqwhhlqj wkhlu fduhixo irupxodwlrq1
Lq wkh ruljlqdo ghvljq ri wkh wuxvw jdph/ lqwurgxfhg e| Ehuj/ Glfnkdxw dqg PfFdeh ^6`/
wzr sod|huv duh dvnhg wr fkrrvh dq dfwlrq lq vhtxhqfh1 Wkh uvw pryhu kdv wr ghflgh krz
pxfk ri klv2khu hqgrzphqw kh2vkh zdqwv wr jlyh xs dqg wudqvihu wr wkh vhfrqg pryhu1
Wkh prqh| wkxv uhfhlyhg e| wkh vhfrqg pryhu lv wkhq pxowlsolhg e| wkuhh> dqg wkh vhfrqg
pryhu kdv wr fkrrvh krz pxfk ri wklv dprxqw kh2vkh zdqwv wr jlyh xs dqg uhwxuq wr wkh
uvw pryhu1 Wklv jdph fdswxuhv wkh edvlf hohphqwv ri d vlwxdwlrq lq zklfk wuxvw frxog
sod| d uroh= wkh uvw pryhu fdq fkrrvh dq dfwlrq zklfk zrxog jlyh wkh vhfrqg pryhu d
srvvlelolw| wr uhsd| wkh uhvxowlqj hfrqrplf jdlq/ krzhyhu/ dv vxfk uhflsurfdo dfwlrq fdqqrw
eh hqirufhg/ wkh uvw pryhu idfhv wkh ulvn ri ehlqj ohiw rxw iurp wkh surwv1 Kh kdv wr kdyh
wuxvw lq wkh vhfrqg pryhu/ rwkhuzlvh/ qr wudqvdfwlrq wdnhv sodfh1 Lq wkh rqo| vxejdph
shuihfw Qdvk htxloleulxp ri wkh wuxvw jdph/ d prqh| pd{lpl}lqj vhfrqg pryhu zloo qhyhu
uhwxuq d vwulfwo| srvlwlyh dprxqw ri prqh| / dqg khqfh wkh uvw pryhu zloo qhyhu wudqvihu
dq| srvlwlyh dprxqw ri prqh| 1 Wklv lv qrw revhuyhg lq wkh h{shulphqwv1 Wkh uvw pryhuv
wudqvihu rq dyhudjh kdoi ri wkhlu hqgrzphqw wr wkh vhfrqg pryhuv/ zkr riwhq uhwxuq dw
ohdvw vrph ri wkh jhqhudwhg surw wr wkh uvw pryhuv1
Wkh ghvljq ri wkh h{shulphqw uhsruwhg lq wklv sdshu ghyldwhv iurp wklv w|slfdo ghvljq lq
vrph dvshfwv1 Z h xvh vwudwhj| phwkrg h{shulphqw zkhuh wkh wuxvw jdph lv sod|hg ehklqg
wkh yhlo ri ljqrudqfh/ l1h1 ehiruh wkh urohv duh dvvljqhg wr wkh sod|huv1 Doo h{shulphqw
sduwlflsdqwv zhuh dvnhg wr vxeplw wkhlu dfwlrq dv wkh uvw pryhu lq wkh wuxvw jdph/ dqg
diwhuzdugv d frpsohwh vwudwhj| iru wkh vhfrqg pryhu1 Rqo| wkhq/ wkh| zhuh udqgrpo|
dvvljqhg wkhlu uroh lq wkh jdph +l1h1 zlwk suredelolw| 318 wkh uroh ri wkh uvw pryhu dqg
zlwk suredelolw| 318 wkh uroh ri wkh vhfrqg pryhu,/ dqg wkhlu sd|rv zhuh ghwhuplqhg
dffruglqj wr wkh vwudwhjlhv vxeplwwhg lq wkh dvvljqhg uroh
￿
1 Lq rughu wr vlpsoli| wkh wdvn
ri vxeplwwlqj suredelolw| glvwulexwlrqv uh hfwlqj vxemhfwv* eholhiv/ zh suhvhqw vxemhfwv lq
rxu h{shulphqw zlwk d vlpsolhg yhuvlrq ri wkh wuxvw jdph zkhuh wkh vwudwhj| vhw ri wkh
￿
Wkh uvw wr dsso| d yhu| vlplodu phwkrg iru wkh wuxvw jdph suhylrxvo| zhuh e| Exunv hw do1^9`/ iroorzhg
e| Fkdxgkxul dqg Jdqjdgkdudq ^<`1 Vxemhfwv lq wkhvh h{shulphqwv vxeplw d vwudwhj| lq wkh uroh ri wkh
uvw pryhu dqg wkhq dovr lq wkh uroh ri wkh vhfrqg pryhu1 Wkh| duh/ krzhyhu/ sdlg iru erwk wkhlu urohv
zklfk pljkw doorz iru vwudwhjlf khgjlqj lq wkh wuxvw/ dqg sod| wkh jdph lq hdfk ri wkh urohv wr dqrwkhu
udqgrpo| vhohfwhg vxemhfw lq wkh vhvvlrq1
5uvw pryhu +uhihuuhg wr dv Vhqghu 4, frqvlvwv ri lqwhjhuv ehwzhhq 3 dqg 6/ dqg wkh dfwlrqv
dydlodeoh wr wkh vhfrqg pryhu +uhihuuhg wr dv Vhqghu 5, duh h{suhvvhg lq uhodwlyh whupv dv
d vkduh ri wkh uhfhlyhg dprxqw wr uhwxuq> d vxemhfw fdq ghflgh wr uhwxuq hlwkhu qrwklqj/
rqh wklug/ rqh kdoi/ wzr wklug/ ru doo ri wkh uhfhlyhg dprxqw1 Z h glvfxvv wkh srvvleoh
lpsolfdwlrqv ri rxu ghvljq dv rssrvhg wr wkh w|slfdo wuxvw jdph ghvljq lq wkh iroorzlqj
vhfwlrq1
Wkh pdlq txhvwlrq zh dgguhvv lv wkh prwlydwlrq iru prqh| wudqvihu lq wkh wuxvw jdph/
l1h1 zkhwkhu vxemhfwv* eholhiv udwlrqdol}h wkhlu wuxvwlqj ehkdylru yld h{shfwlqj prqhwdu|
uhwxuq dqg zkdw lv wkh uroh ri sxuh glvwulexwlrqdo suhihuhqfhv lq wkh ghflvlrq wr wuxvw
d vwudqjhu1 Dv irupxodwhg e| Fr{ ^43` +s1596, %Grhv wkh uvw pryhu gr wklv ehfdxvh
vkh wuxvwv wkdw wkh vhfrqg pryhu zloo qrw ghihfwB Ru zrxog vkh gr lw dq|zd| ehfdxvh
vkh kdv rwkhu0uhjduglqj suhihuhqfhv lq zklfk wkh sdlu ri sd|rv fuhdwhg e| khu dfwlrq lv
suhihuuhg wr wkh sdlu ri sd|rv ghwhuplqhg e| wkh wzr sod|hu*v hqgrzphqwvB% Hylghqfh
lq wkh olwhudwxuh lv glylghg/ dqg wkhuh fdq eh vxssruw irxqg iru erwk ylhzsrlqwv1 Rq rqh
kdqg/ Fr{ ^44` vkrzv wkdw glvwulexwlrqdo suhihuhqfhv pljkw eh uhvsrqvleoh iru prvw ri wkh
wudqvihuv pdgh lq wkh wuxvw jdph e| frpsdulqj wkh wudqvihuv lq wklv jdph wr wkh wudqvihuv
pdgh lq wkh glfwdwru jdph/ zkhuh qr h{shfwdwlrq ri uhwxuq lv suhvhqw1 Vxemhfwv gr qrw
wudqvihu vljqlfdqwo| pruh lq wkh wuxvw jdph/ vwluulqj grxewv zkhwkhu wkhuh lv dq| wuxvw
+lq wkh irup ri h{shfwdwlrqv ri uhwxuq, suhvhqw dw doo lq wkh wuxvw jdph1 Wkhuh lv dovr
frqwudglfwru| hylghqfh dydlodeoh= PfFdeh hw do1 ^54` froohfw gdwd rq d vlpsolhg wuxvw
jdph zkhuh vxemhfwv ehkdyh lq dffrugdqfh zlwk h{shfwdwlrqv ri srvlwlyh uhflsurflw|/ dqg
Jqhh}h hw do1 ^4;` qg wkdw wuxvwru*v dprxqw lqyhvwhg lqwr wkh wuxvwhh lqfuhdvhv zlwk wkh
wuxvwhh*v delolw| wr uhflsurfdwh/ vxjjhvwlqj wkdw lw lv lqghhg wkh eholhi lq uhflsurfdwlrq wkdw
prwlydwhv dw ohdvw sduwldoo| vxemhfwv* ehkdylru1
D srvvleoh phfkdqlvp zk| vrph vxemhfwv wudqvihu vlplodu dprxqwv lq wkh wuxvw jdph
dqg lq wkh glfwdwru jdph lv irxqg lq wkh vwxg| e| Erkqhw dqg ]hfnkdxvhu ^8`1 Dowkrxjk
Hfnho dqg Zlovrq ^48` qg qr fruuhodwlrq ehwzhhq ulvn dyhuvlrq phdvxuhv +lqyroylqj udq0
grpl}dwlrq e| d %pdfklqh%, dqg wkh ehkdylru lq wkh wuxvw jdph/ Erkqhw dqg ]hfnkdxvhu
^8` surylgh hylghqfh wkdw vxemhfwv vkrz glhuhqw dwwlwxghv wr orwwhulhv zkhuh wkh udq0
grpl}dwlrq lv grqh e| pdfklqh/ dqg zkhq wkh ehw lv rq d fkrlfh wdnhq e| d kxpdq1 Lq
sduwlfxodu/ vxemhfwv uhtxluh kljkhu frpshqvdwlrq iru wkhlu zloolqjqhvv wr fkrrvh wkh orwwhu|
ryhu d vdih sd|r lq wkh vhfrqg fdvh wkdq lq wkh uvw fdvh1 Li wklv lv wkh fdvh/ wkhq prylqj
iurp wkh glfwdwru jdph wr wuxvw jdph/ d vxemhfw lv qrw rqo| h{srvhg wr wkh srvvlelolw| ri
d uhwxuq e| uhflsurflw| dfwlydwhg e| klv wuxvw/ dw wkh vdph wlph kh lv dovr h{srvhg wr wkh
dyhuvlrq wrzdugv edg rxwfrphv lq wkh orwwhu| rq wkh srsxodwlrq ri srvvleoh fr0sod|huv1
W dnhq wrjhwkhu/ wkhvh wzr hhfwv +lqfuhdvh ri wudqvihuv gxh wr wuxvw lq uhwxuq dqg ghfuhdvh
ri wudqvihuv gxh wr ehwud|do dyhuvlrq, pd| fdqfho hdfk rwkhu rxw1
Wkh dgydqwdjh ri rxu ghvljq lv wkdw lw surylghv vxemhfwv zlwk qdqfldo lqfhqwlyhv wr
uhsruw wkhlu eholhiv derxw wkh vwudwhjlhv vxeplwwhg e| wkhlu fr0sod|huv wuxwkixoo| / lqfhq0
wlyl}lqj wkhlu fduhixo irupxodwlrq dqg uhgxflqj wkh qrlvh1 Rxu frqfoxvlrqv xvlqj wklv gdwd
uhixwh wkh vxjjhvwlrq wkdw wuxvwruv* ehkdylru lv lqghshqghqw ri wkhlu eholhiv1 Z h qg wkdw
7628; +:7(, ri wkh wuxvwruv eholhyh lq srvlwlyh uhwxuq iurp wkh wuxvwlqj dfwlrq dqg 76(
ri doo wuxvwruv dfwxdoo| fkrrvh wkh dfwlrq zklfk wkh| eholhyh zloo pd{lpl}h wkhlu prqhwdu|
uhwxuq1 Wkh frqvlvwhqf| ehwzhhq eholhiv dqg dfwlrqv lv wkhuhe| kljkhvw iru wkh prvw ulvn|
0 dqg prvw wuxvwlqj 0 dfwlrq/ zkhuh wkuhh txduwhuv ri doo sod|huv fkrrvlqj wklv dfwlrq dovr
6h{shfw wkdw wklv lv wkh dfwlrq wkdw pd{lpl}hv wkhlu sd|rv1 Zkloh wkh suhglfwlyh srzhu
ri wkh vxeplwwhg eholhiv lv kljk/ wkh jhqhudo xqsdlg txhvwlrqqdluh gdwd grhv qrw suhglfw
ehkdylru qru eholhiv ri wkh vxemhfwv1 Ilqdoo| / wkh uroh ri glvwulexwlrqdo suhihuhqfhv lq wkh
wuxvw jdph lv vxewoh1 Vxemhfwv zlwk d kljkhu surshqvlw| wr fduh srvlwlyho| derxw wkh sd|r
ri dqrwkhu dqrq|prxv fr0sod|hu duh wkrvh zkr krog pruh rswlplvwlf eholhiv zlwk uhvshfw
wr wkh srvlwlyh uhflsurflw| ri rwkhuv1 Khqfh/ wkh| wuxvw pruh riwhq1 Wklv olqnv wkh eholhiv
khog e| d vxemhfw dqg klv2khu ghflvlrq wr sodfh wuxvw lq dq dqrq|prxv fr0sod|hu wr wkh
glvwulexwlrqdo suhihuhqfhv h{suhvvhg e| wklv vxemhfw1
Wkh uhpdlqghu ri wkh sdshu lv rujdql}hg dv iroorzv= h{shulphqw ghvljq lv rxwolqhg lq
Vhfwlrq 5/ dqg gdwd dqdo|vlv fdq eh irxqg lq Vhfwlrq 61 Vhfwlrq 7 frqfoxghv1
5 H{shulphqw ghvljq
Z h suhvhqw khuh gdwd iurp wkuhh h{shulphqwdo vhvvlrqv frqgxfwhg dw Xqlyhuvlw| ri Olyhu0
srro/ Pdqdjhphqw Vfkrro/ lq wkh dfdghplf |hdu 53381 Wkh vxemhfwv zhuh 8; vwxghqwv ri
ydulrxv exvlqhvv/ hfrqrplfv dqg qdqfh surjudpv +67 pdohv dqg 55 ihpdohv/ dyhudjh djh
55 |hduv,/ zkr sduwlflsdwhg lq ffd 4/8 krxu odvwlqj h{shulphqwdo vhvvlrq1 Wkh odqjxdjh ri
wkh h{shulphqw zdv Hqjolvk/ dqg lw zdv frpsxwhul}hg/ surjudpphg dqg frqgxfwhg xvlqj
}0W uhh +Ilvfkedfkhu ^49`,1 Xsrq duulydo dw d vhvvlrq/ sduwlflsdqwv zhuh udqgrpo| vhdwhg
dw frpsxwhuv1 Qr frppxqlfdwlrq rwkhu wkdq yld frpsxwhu zdv doorzhg1 Vxemhfwv zhuh
sdlg iru wkhlu ghflvlrqv lq wkh h{shulphqw dqg wkh| hduqhg rq dyhudjh 91; srxqgv1
Ehiruh wkh vwduw ri wkh h{shulphqw/ vxemhfwv surylghg dqvzhuv wr d qrq0sdlg txhvwlrq0
qdluh frqwdlqlqj vl{ txhvwlrqv iurp wkh Jhqhudo Vrfldo Vxuyh| rq wuxvw dqg idluqhvv +vhh
Dsshqgl{ 4,1 Diwhu ehlqj zhofrphg wr wkh h{shulphqw/ zh lqiruphg wkhp wkdw wkh| zloo
sduwlflsdwh lq wkuhh lqghshqghqw sdlg wdvnv1 Wkh lqvwuxfwlrqv wr hdfk wdvn zhuh glvwule0
xwhg rqo| ehiruh wkh vwduw ri wkh wdvn +vhh Dsshqgl{ 5,/ dqg wkh ihhgedfn rq wkh ghflvlrq
ri rwkhuv lq hdfk ri wkh wdvnv zdv surylghg rqo| dw wkh hqg ri wkh h{shulphqw1 D vrfldo
ydoxdwlrq wrro phdvxulqj vxemhfwv* glvwulexwlrqdo suhihuhqfhv zdv dgplqlvwhuhg dv W dvn 4
￿
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Rqh0vkrw wuxvw jdph zdv dgplqlvwhuhg dv W dvn 51 Ilqdoo| lq W dvn 6/ vxemhfwv zhuh jlyhq
pdwhuldo lqfhqwlyhv lq wkh irup ri wkh txdgudwlf vfrulqj uxoh lq rughu wr vwdwh wkhlu eholhiv
derxw wkh frpsohwh vwudwhj| fkrvhq e| wkh vxemhfw pdwfkhg wr lq Wdvn 51 Ohw xv ghvfuleh
hdfk ri wkh wdvnv lq vrph pruh ghwdlo1
W dvn 4= Vrfldo ydoxdwlrq
Wkh uvw wdvn dgdswv wkh ghfrpsrvhg jdph whfkqltxh ghyhorshg e| vrflrorjlvwv wr
phdvxuh vxemhfw*v glvwulexwlrqdo suhihuhqfhv +vhh h1j1 Phvvlfn hw do1 ^55`,1 Lwv dgydqwdjh
ryhu d glfwdwru jdph lv wkdw d vxemhfw pdnhv pxowlsoh ghflvlrqv/ glplqlvklqj wkh lpsdfw
ri qrlvh1 Lq sduwlfxodu/ wkh wdvn frqvlvwv ri 57 fkrlfhv ehwzhhq wzr sd|r yhfwruv +Rswlrq
D dqg Rswlrq E, uhsuhvhqwlqj prqhwdu| sd|r frqvhtxhqfhv iru wkh ghflglqj vxemhfw dqg
rqh rwkhu h{shulphqw sduwlflsdqw/ vhh Wdeoh < lq Dsshqgl{ 51 Wkh sd|r yhfwruv duh
jhqhudwhg e| srlqwv vsdfhg htxlglvwdqwo| rq wkh shulphwhu ri d flufoh1 {0d{lv frruglqdwh
uhsuhvhqwv wkh sd|r wr wkh ghflglqj vxemhfw/ dqg |0d{lv frruglqdwh wkh sd|r wr rqh
dqrwkhu vxemhfw1 Hdfk qhljkerulqj sdlu ri sd|r yhfwruv lv suhvhqwhg wr d vxemhfw dv rqh
￿
Wkh dxwkruv duh wkdqnixo wr Wkhr Rhupdq/ Mrhs Vrqqhpdqv/ dqg Duwkxu Vfkudp zkrvh lqvwuxfwlrqv
iru wkh vrfldo ydoxdwlrq wdvn wkh| dgdswhg1
7ghflvlrq vlwxdwlrq1 Z h udqgrpl}hg wkh rughu ri ghflvlrq vlwxdwlrqv ehiruh wkh h{shulphqw
dqg wkhq suhvhqwhg doo vxemhfwv zlwk wkh vdph rughu ri wkh sd|r yhfwru sdluv1 D vxemhfw
zdv dvvljqhg udqgrpo| dqg dqrq|prxvo| wr wkh vdph rwkhu vxemhfw iru doo 57 vlwxdwlrqv1
Vxemhfw*v hduqlqjv lq wklv wdvn zdv wkh vxp ri srlqwv doorfdwhg wr wkh vxemhfw iurp
wkh sd|r yhfwruv fkrvhq e| wkh vxemhfw klpvhoi/ soxv wkh vxp ri srlqwv iurp wkh sd|r
yhfwruv doorfdwhg wr wkh vxemhfw e| wkh rwkhu dqrq|prxvo| pdwfkhg vxemhfw1 Ehiruh wkh
vwduw ri wklv wdvn/ zh suhvhqwhg wkh vxemhfwv zlwk rqh ri wkh 57 vlwxdwlrqv/ jdyh wkhp
k|srwkhwlfdo fkrlfhv iru wzr vxemhfwv lq wklv vlwxdwlrq/ dqg dvnhg wkhp wr fdofxodwh wkh
lpsolhg sd|rv iru wkh wzr vxemhfwv1 Wkh h{shulphqw glg qrw frqwlqxh xqwlo hyhu|erg|
surylghg fruuhfw dqvzhu wr wklv whvw txhvwlrq1
W dvn 5= W uxvw jdph
Wkh vhfrqg wdvn lq wkh h{shulphqw zdv d wuxvw jdph sod|hg e| d vwudwhj| phwkrg
ehklqg wkh yhlo ri ljqrudqfh1 Dffruglqj wr wklv phwkrg/ doo vxemhfwv zhuh dvnhg wr vxeplw
uvw wkh vwudwhj| dv Vhqghu 4 dqg wkhq wkh ixoo vwudwhj| dv Vhqghu 51 Vxemhfwv zhuh
lqiruphg wkdw wkh| duh pdwfkhg lqwr sdluv e| wkh frpsxwhu wr dqrwkhu vxemhfw wkdq lq
W dvn 4/ dqg wkdw wkh frpsxwhu zloo udqgrpo| dvvljq wkhp wr wkh urohv lq wkh wuxvw jdph
dw wkh hqg ri wkh h{shulphqw1 Hdfk vxemhfw zdv sdlg rqo| iru wkh vwudwhj| vxeplwwhg lq
wkh uroh dvvljqhg e| wkh frpsxwhu/ exw wklv uroh zdv qrw nqrzq wr wkhp dw wkh prphqw
ri wkh ghflvlrq0pdnlqj1
Lq rughu wr pdnh wkh wdvn wkdw iroorzhg wklv wuxvw jdph +wkh wdvn ri vxeplwwlqj eholhiv,
wudfwdeoh iru wkh vxemhfwv/ zh lpsohphqwhg d vlpsolhg yhuvlrq ri wkh wuxvw jdph lq rxu
h{shulphqw1 Vhqghu 4 zdv hqgrzhg zlwk 6 srlqwv/ dqg frxog fkrrvh wr wudqvihu wr Vhqghu
5 dq| lqwhjhu dprxqw1 Vr/ wkh vwudwhj| vhw ri Vhqghu 4 zdv P
￿
' if> > 2> j> lqvwhdg ri
wkh xvxdo vhw ri lqwhjhuv ehwzhhq 3 dqg 431 Vhqghu 5 +zkr dovr uhfhlyhg dq hqgrzphqw




fkrvhq e| Vhqghu 4/ dqg frxog
fkrrvh wr uhwxuq edfn rqh ri wkh iroorzlqj iudfwlrqv ri wkh uhfhlyhg dprxqw= qrwklqj/ rqh





















￿ > j= Lq wklv zd| / wkh qxpehu ri dfwlrqv
dydlodeoh wr Vhqghu 5 zdv lqghshqghqw ri krz pdq| srlqwv Vhqghu 4 fkrvh wr wudqvihu1 Z h
dvnhg wkh vxemhfwv wr vxeplw wkh zkroh vwudwhj| iru Vhqghu 5/ l1h1 wkh fkrvhq iudfwlrq lq
fdvh Vhqghu 4 vhqgv 4 srlqw/ 5 srlqwv dqg 6 srlqwv/ dqg txrwhg zlwk hdfk ri wkh dydlodeoh
dfwlrqv dovr wkh uhvxowlqj qdo sd|rv iru erwk sod|huv1
Ehiruh wkh vwduw ri wklv wdvn/ vxemhfwv zhuh djdlq suhvhqwhg zlwk k|srwkhwlfdo vfhqdulr
ri vwudwhjlhv vxeplwwhg e| wzr vxemhfwv/ dqg kdg wr fdofxodwh wkh lpsolhg sd|rv iru erwk
Vhqghu 4 dqg Vhqghu 51 Dq dqvzhu wr wklv txhvwlrq zdv/ xsrq vxeplwwlqj dqvzhuv e| wkh
vxemhfwv/ glvfxvvhg dovr sxeolfo| lq wkh vhqvh wkdw wkh sd|r ixqfwlrq iru Vhqghu 4 dqg
Vhqghu 5 zdv djdlq txrwhg iurp wkh lqvwuxfwlrqv1 Wklv lpsolhg wdnlqj h{whqvlyh fduh lq
idploldul}lqj wkh vxemhfwv zlwk wkh sd|r frqvhtxhqfhv ri wkhlu srvvleoh dfwlrqv lq wkh
wuxvw jdph1
Wkh wuxvw jdph sod|hg lq wklv h{shulphqw glhuv lq vrph dvshfwv iurp wkh w|slfdo
wuxvw jdph dv lqwurgxfhg e| Ehuj/ Glfnkdxw dqg PfFdeh ^6`= +4, hdfk vxemhfwv vxeplwv
vwudwhjlhv iru erwk urohv ehiruh ohduqlqj wkh rqh uroh kh2vkh zloo eh sdlg iru> +5, wkh
vwudwhj| vhw ri erwk sod|huv lv uhgxfhg> +6, Vhqghu 5 sod|huv duh suhvhqwhg qrw rqo| zlwk wkh
vwudwhjlhv dydlodeoh wr wkhp/ exw dovr zlwk wkh qdo sd|r frqvhtxhqfhv ri hdfk dfwlrq iru
erwk sod|huv1 Ohw xv frpphqw rq wkhvh fkdqjhv lq d vhtxhqfh1 +4, Wkhuh lv vrph hylghqfh
8lq wkh olwhudwxuh rq krz vwudwhj| phwkrg dhfwv vxemhfwv dv rssrvh wr wkhlu ehkdylru lq
wkh vdph jdph
￿
/ exw wkh hhfw grhv qrw vhhp wr eh vwurqj1 Rq wkh rwkhu kdqg/ suhylrxv
vwxglhv vkrz wkdw vwlpxodwlqj sod|huv wr wklqn derxw erwk urohv lq d wzr0sod|hu jdph
pljkw dowhu wkhlu ehkdylru lq frpsdulvrq wr wkh w|slfdo rqh uroh ghvljq
￿
1 Lq doo vwxglhv zh
duh dzduh ri/ wkrxjk/ wkh vkliw lv xqlgluhfwlrqdo/ lq wkh gluhfwlrq ri prqh| pd{lpl}dwlrq
dqg qduurz vhoi0lqwhuhvw/ |lhoglqj ehkdylru forvhu wr wkh Qdvk htxloleulxp suhglfwlrqv1
Dq| ehkdylru ghyldwlqj iurp wkh suhglfwlrqv ri VSQH iru sxuh prqh|0pd{lpl}dwlrq wkdw
vxuylyhv wkh surpswlqj iru vwudwhjlf uhdvrqlqj lv wkhuhiruh olnho| wr eh dq rxwfrph ri
vwudwhjlf uhdvrqlqj e| vxemhfwv zlwk suhihuhqfhv glhulqj iurp vhoi0fhqwhuhg rzq0sd|r0
pd{lpl}dwlrq1 +5, Y|udvwhnryd dqg Rqghuvwdo ^63` qg wkdw lq wkh wuxvw jdph sod|hg
ehklqg wkh yhlo ri ljqrudqfh 0 exw zlwk wkh xvxdo vwudwhj| vhw iru wkh uvw dqg vhfrqg
pryhu 0 vxemhfwv vxeplw vwudwhjlhv zklfk duh yhu| vlplodu wr wkh w|slfdo rqh0uroh wuxvw
jdph1 Wkh| dovr qg wkdw wkh glvwulexwlrq ri wkh dfwlrqv shdnv dw wkh h{wuhph srlqwv lq
wkh vwudwhj| vhw +wudqvihu doo dqg wudqvihu qrwklqj ri wkh hqgrzphqw, dqg lq wkh plggoh
ri wkh vwudwhj| vhw= zrphq fkrrvh prvw iuhtxhqwo| wkh prghudwh plgzd|/ zkloh phq*v
fkrlfhv duh orfdwhg prvw iuhtxhqwo| rq wkh wzr hgjhv ri wkh vshfwuxp1 Rxu h{shulphqw zdv
pl{hg lq jhqghu +pruh wkdq rqh wklug ri sduwlflsdqwv zhuh zrphq, vr wkdw wkh devhqfh
ri htxdo vsolw lq wkh Vhqghu 4*v vwudwhj| vhw pljkw glvwruw wkh revhuyhg glvwulexwlrq ri
Vhqghu 4*v vwudwhjlhv dv frpsduhg wr d ghvljq zkhuh htxdo vsolw zrxog eh dydlodeoh/ e|
ryhuuhsuhvhqwlqj wkh qhdu0htxdo vsolwv1 Wklv vhhpv qrw wr eh wkh fdvh lq rxu gdwdvhw/ dv
zh glvfxvv lq wkh qh{w vhfwlrq1 +6, Dv iru suhvhqwlqj Vhqghu 5 sod|huv zlwk qdo sd|r
frqvhtxhqfhv ri khu dydlodeoh dfwlrqv/ zh rqo| uhpdun wkdw lw lv dozd|v wkh lqwhqwlrq ri dq
h{shulphqwdolvw wr suhvhqw wr d vxemhfw hqrxjk lqirupdwlrq wr eh deoh wr pdnh dq lqiruphg
ghflvlrq1 Dv zh irfxv lq wklv vwxg| rq wkh fruuhodwlrq ehwzhhq vxemhfwv* eholhiv dqg wkhlu
sod|/ zh irxqg lw lpsruwdqw wr pdnh wkh sd|r vwuxfwxuh ri wkh jdph dv wudqvsduhqw dv
srvvleoh1 Suhvhqwlqj wkh qdo sd|r frqvhtxhqfhv lqvwhdg ri rqo| wkh vwudwhjlhv ri Vhqghu
5/ krzhyhu/ pljkw vkliw wkh vdolhqfh ri wkh vwudwhjlhv dydlodeoh wr Vhqghu 5 wrzdugv htxdo
vsolw rxwfrphv1 Ohw xv wkhuhiruh xqghuolqh wkdw lw lv wkh irfxv ri wklv vwxg| wr uhodwh sod|huv
eholhiv wr wkhlu dfwlrqv lq wkh wuxvw jdph/ lq sduwlfxodu xqghu wkh flufxpvwdqfhv zkhq wkh
qdo sd|r frqvhtxhqfhv iru wkh sod|huv duh yhu| wudqvsduhqw1
W dvn 6= Eholhiv
Ilqdoo|/ lq wkh wklug dqg odvw wdvn ri wkh h{shulphqw/ zh dvnhg wkh vxemhfwv wr vxeplw
wkhlu eholhiv derxw wkh dfwlrqv lq wkh wuxvw jdph wdnhq e| wkh vxemhfw wkh| zhuh pdwfkhg
￿
Eudqgwv dqg Fkduqhvv ^:` frpsduh %krw% dqg %frog% h{shulphqwv/ qglqj qr glhuhqfh ehwzhhq
wkh dfwlrqv dqg vxeplwwhg vwudwhjlhv1 Vlploduo|/ Rhupdq hw do1 ^56` frpsduh vwudwhjlhv dqg dfwlrqv
vxeplwwhg e| wkh vdph vxemhfwv lq dq ryhuodsslqj jhqhudwlrqv h{shulphqw dqg qg wkdw pruh wkdq <3(
ri wkh dfwlrqv wr eh frqvlvwhqw zlwk wkh ixoo vwudwhjlhv wkhlu vxeplwwhg> dqg Vrqqhpdqv ^5;` uhsruwv kljk
ghjuhh ri frqvlvwhqf| ehwzhhq vxeplwwhg vwudwhjlhv dqg dfwlrq ghflvlrqv lq d vhdufk h{shulphqw1
￿
Exunv hw do1 ^9` h{soruh wkh hhfw ri sod|lqj wkh wuxvw jdph zlwk uroh uhyhuvdo1 Vxemhfwv h{srvhg rqfh
wr uroh ri uvw pryhu dqg rqfh wr uroh ri vhfrqg pryhu lq wkh wuxvw jdph vkrz ohvv wuxvw dqg uhflsurflw| /
phdqlqj wkdw erwk wudqvihuuhg dqg uhwxuqhg dprxqwv duh orzhu zlwk wuxvw uhyhuvdo wkdq lq wkh vwdqgdug
rqh0vkrw wuxvw jdph1 Krzhyhu/ vxemhfwv duh sdlg iru erwk urohv lq wkhlu h{shulphqw/ zkdw pljkw ohdg
vxemhfwv wr ohvv zhljkw sxw rq wkh hduqlqjv iurp wuxvw dqg uhflsurflw| 1 Furvrq ^45` vkrzv wkdw holflwlqj
eholhiv derxw ehkdylru ri rwkhuv lq vlpsoh jdphv ohdgv wr d ehkdylru forvhu wr wkh rqh suhglfwhg e| Qdvk
htxloleulxp frpsduhg wr zkhq eholhiv duh qrw holflwhg1 Vfkrwwhu hw do1 ^59` srlqw rxw wkdw suhvhqwdwlrq +lq
qrupdo irup ru h{whqvlyh irup, pdwwhuv dv zhoo/ prvw vwulnlqjo| lq vlpsoh jdphv1
9wr lq W dvn 51 Uhfdoo wkdw wkh pdwfklqj zdv udqgrp dqg dqrq|prxv dqg wkdw wkh vxemhfwv
uhfhlyhg qr ihhgedfn rq wkh fkrlfhv ri wkh shuvrq wkh| zhuh pdwfkhg zlwk gxulqj wkh
h{shulphqw1 Lq rughu wr rewdlq wuxwkixo uhsruwv/ zh sdlg wkh vxemhfwv xvlqj d txdgudwlf
vfrulqj uxoh1
￿
Hdfk vxemhfw zdv dvnhg wr vxeplw d suredelolw| glvwulexwlrq ryhu wkh ihdvleoh
irxu dfwlrqv ri Vhqghu 4/ dqg wkuhh suredelolw| glvwulexwlrqv/ frqglwlrqdo rq dfwlrq e|
Vhqghu 4/ uhsuhvhqwlqj wkhlu eholhiv ri wkh dfwlrqv vxeplwwhg e| Vhqghu 51 Vxemhfwv zhuh
sdlg vhsdudwho| iru wkh fruuhfwqhvv ri hdfk ri wkh jxhvvhv e| wkh txdgudwlf vfrulqj uxoh
+vhh Dsshqgl{ 5 iru wkh irupxod,1
6 Gdwd dqdo|vlv
Lq wklv vhfwlrq zh uvw pdnh d frpphqw rq wkh suhglfwlyh srzhu ri wkh jhqhudo xqsdlg
txhvwlrqqdluh rq wuxvw dqg wuxvwzruwklqhvv ri rwkhuv iru wkh ehkdylru lq wkh wuxvw jdph1
Wkhq zh suhvhqw wkh revhuyhg vwudwhjlhv dqg eholhiv vxeplwwhg lq wkh wuxvw jdph/ dqg
glvfxvv vxemhfwv* glvwulexwlrqdo suhihuhqfhv uhyhdohg lq wkh vrfldo ydoxdwlrq wdvn1 Ilqdoo| /
zh surfhhg wr phujh wklv lqirupdwlrq wr dqdo|}h wr zkdw h{whqw eholhiv dqg glvwulexwlrqdo
suhihuhqfhv dv zhoo dv vhoi0uhsruwhg wuxvw dqg wuxvwzruwklqhvv ri rwkhuv h{sodlq dfwxdo
ehkdylru lq wkh wuxvw jdph1
614 Suhglfwlyh srzhu ri wkh jhqhudo txhvwlrqqdluh
Xqsdlg txhvwlrqqdluhv uhsuhvhqw d idvw vrxufh ri lqirupdwlrq rq wkh uhvsrqghqwv* suhi0
huhqfhv dqg dwwlwxghv/ exw wkhlu suhglfwlyh srzhu iru dfwxdo ehkdylru lq vlwxdwlrqv wkh|
dgguhvv lv txhvwlrqdeoh1 Wklv pljkw uhodwh wr wkh irupxodwlrq ri wkh txhvwlrqv +l1h1 wr
zkdw h{whqw wkh| fdswxuh lq wkh plqgv ri uhvsrqghqwv wkh ghflvlrq vlwxdwlrq wkh| vkrxog
ghvfuleh,/ exw dovr wr wkh idfw wkdw wkh dqvzhuv duh %fkhds% zkloh wkh ehkdylru wkh| vkrxog
ghvfuleh kdv uhdo frqvhtxhqfhv iru wkh uhvsrqghqwv1 Z h suhvhqw lq rxu vwxg| wkh vxemhfw
srro zlwk vl{ txhvwlrqv iurp wkh Jhqhudo Vrfldo Vxuyh|
￿
/ vhh Dsshqgl{ 4/ wr fdwhjrul}h
wkhp rq wkh wuxvw dqg wkhlu eholhi lq wuxvwzruwklqhvv ri rwkhuv
￿
1 Li txhvwlrqqdluh gdwd fru0
uhodwhv zlwk wkh vxemhfwv* ehkdylru dqg eholhiv/ zh h{shfw wkdw= +l, Vxemhfwv zkr uhsruw
wr wuxvw rwkhuv wudqvihu dv Vhqghu 4 pruh wkdq vxemhfwv zkr uhsruw wr glvwuxvw rwkhuv1 +ll,
Vxemhfwv zkr uhsruw wkdw rwkhuv duh wuxvwzruwk| wudqvihu dv Vhqghu 4 pruh wkdq vxemhfwv
zkr uhsruw wkdw rwkhuv duh qrw wuxvwzruwk|1 +lll, Vxemhfwv zkr uhsruw wr wuxvw rwkhuv h{0
shfw d kljkhu uhwxuq iurp Vhqghu 5 lq wkh wuxvw jdph wkdq vxemhfwv zkr uhsruw wr glvwuxvw
rwkhuv1
￿
Vrqqhpdqv dqg Rhupdq ^5<` frqfoxgh wkdw vxemhfwv pdnh hruwv zkhq irupxodwlqj wkhlu eholhiv dqg
sdlg e| wkh txdgudwlf vfrulqj uxoh/ dqg Kxfn dqg Z hl}vdfnhu ^4<` qg wklv surfhgxuh wr eh vxshulru wr
wkh elgglqj phfkdqlvp1
￿
JVV lv frqgxfwhg e| e| wkh Qdwlrqdo Rslqlrq Uhvhdufk Fhqwhu dw wkh Xqlyhuvlw| ri Fklfdjr dqg fro0
ohfwv lqirupdwlrq rq d zlgh ydulhw| ri wrslfv/ lqfoxglqj dwwlwxghv wrzdug vrfldo lvvxhv/ uholjlrq/ hgxfdwlrq/
mrev dqg wkh hfrqrp|/ jryhuqphqw dqg rwkhu lqvwlwxwlrqv/ srolwlfv/ dqg srolf| lvvxhv1
￿
Vxemhfwv duh fdwhjrul}hg dv wuxvwlqj li wkh| vxeplw dqvzhu +d, wr txhvwlrq 7 dqg dqvzhu +d, ru +e,
wr txhvwlrq 81 Wkh| duh qrw fdwhjrul}hg rwkhuzlvh1 Vlploduo|/ vxemhfwv duh fdwhjrul}hg dv eholhylqj wkdw
rwkhuv duh wuxvwzruwk| li pruh wkdq kdoi ri wkhlu ydolg dqvzhuv +l1h1 dqvzhuv rwkhu wkdq wkh eodqn dqvzhu
%L gr qrw nqrz%, lqglfdwh wkh iroorzlqj dqvzhuv= +d, wr txhvwlrq 4/ +f, ru +g, wr txhvwlrq 5/ +d, wr txhvwlrq
6/ dqg +e, wr txhvwlrq 91
:Fdwhjru| +edvhg rq txhvwlrqqdluhv,
Rwkhuv duh qrw wuxvwzruwk| ) L glvwuxvw wkhp 4428; +4<(,
Rwkhuv duh qrw wuxvwzruwk| ) L wuxvw wkhp 928; +43(,
Rwkhuv duh wuxvwzruwk| ) L glvwuxvw wkhp 428; +5(,
Rwkhuv duh wuxvwzruwk| ) L wuxvw wkhp 5628; +73(,
Qrw fdwhjrul}hg 4:28; +5<(,
W deoh 4= Vxemhfw srro fdwhjrul}hg edvhg rq txhvwlrqqdluh dqvzhuv1
Xvlqj wkh phdvxuhv ri uhsruwhg rzq wuxvw dqg wuxvwzruwklqhvv ri rwkhuv/ zh fdq fdw0
hjrul}h vrphzkdw ohvv wkdq wkuhh txduwhuv ri wkh vxemhfw srro +7428;/ :4(,/ vhh W deoh 41
Prvw ri wkhvh vxemhfwv vd| wkh| wuxvw rwkhuv +5<274/ :4(,/ dqg wklv dwwlwxgh lv suhydohqwo|
mxvwlhg e| wkhlu eholhi wkdw rwkhuv lq wkh srsxodwlrq durxqg wkhp duh wuxvwzruwk| +krogv
iru 5625</ l1h1 ;3( ri wkh wuxvwlqj vxemhfwv,1 Dgglwlrqdoo|/ lq dffrugdqfh zlwk orjlf/ qhduo|
doo ri wkh fdwhjrul}hg vxemhfwv zkr uhsruw wr glvwuxvw rwkhuv eholhyh wkdw rwkhuv duh qrw
wuxvwzruwk| +l1h1 rxw ri wkh fdwhjrul}hg glvwuxvwlqj lqglylgxdov 45274/ 5<( / wklv krogv iru
44245/ <5(,1 Lw vhhpv wkhuhiruh wkdw vxemhfwv* fdwhjrul}dwlrq edvhg rq wkhlu txhvwlrqqdluh
dqvzhuv ohdgv wr d uhdvrqdeoh srsxodwlrq ghvfulswlrq1
Krzhyhu/ wkh h{sodqdwru| srzhu ri wkh txhvwlrqqdluh iru wkh ehkdylru lq wkh wuxvw
jdph lv yhu| zhdn1 Vxemhfwv fdwhjrul}hg dv wuxvwlqj wudqvihu rq dyhudjh wkh vdph dv wkrvh
fdwhjrul}hg dv qrw wuxvwlqj/ dqg wkhvh wzr vxejurxsv eholhyh wr rewdlq rq dyhudjh wkh vdph
uhwxuq iru wkhlu prqh| wudqvihuuhg dv Vhqghu 41 Dqg/ wkrvh zkr duh fdwhjrul}hg wr eholhyh
wkdw rwkhuv duh wuxvwzruwk| gr qrw wudqvihu pruh wkdq wkh uhpdlqlqj vxemhfwv1 Wkhvh
frqfoxvlrqv duh edvhg rq wkh qrq0sdudphwulf Pdqq0Zklwqh| X whvwv xvlqj wkh uhohydqw
yduldeohv1 Wkh rqo| hhfw zh qg lv edvhg rq wkh %wuxvw txhvwlrq% lq lvrodwlrq= vxemhfwv
zkr vd| wkdw %Prvw shrsoh fdq eh wuxvwhg% wudqvihu rq dyhudjh 517 +Q@48,/ dqg vxemhfwv
zkr vd| wkdw %\ rx fdq*w eh wrr fduhixo lq ghdolqj zlwk shrsoh% wudqvihu rq dyhudjh 41<
+Q@73,1 Wkh glhuhqfh lv vljqlfdqw +s@3136/ 40vlghg Pdqq0Zklwqh| X whvw,1 Exw/ wkhvh
vxemhfwv h{shfw +rq dyhudjh, wr jhw wkh vdph uhwxuq +s@31683/ 40vlghg Pdqq0Zklwqh| X
whvw,1 Lq wkh olwhudwxuh/ d vlplodu zhdn olqn lv irxqg/ wkrxjk wkh %wuxvw txhvwlrq% xvxdoo|
slfnv xs wuxvwzruwklqhvv ri wkh vxemhfw lq ehkdylru udwkhu wkdq wuxvwlqj ehkdylru +vhh
Jodhvhu hw do1 ^4:` dqg Dvkudi hw do1 ^4`,1
615 Vwudwhjlhv dqg eholhiv lq wkh wuxvw jdph
Lq wkh wuxvw jdph/ Vhqghu 4 wudqvihuv rq dyhudjh 98( ri wkh hqgrzphqw +41<8 srlqwv,
wr Vhqghu 5/ iru glvwulexwlrq vhh W deoh 51 43( ri Vhqghu 4 sod|huv wudqvihu qrwklqj dv
d prqh|0pd{lpl}lqj lqglylgxdo lq wkh srsxodwlrq ri prqh|0pd{lpl}huv zrxog fkrrvh/
exw prvw iuhtxhqw lv wkh ghflvlrq wr wudqvihu wkh zkroh hqgrzphqw/ fkrvhq e| 74( ri doo
vxemhfwv1
Zkhq frpsduhg wr suhylrxv vwxglhv
￿
/ wkhvh dyhudjh wudqvihuv idoo zlwklq wkh udqjh
revhuyhg lq wkh w|slfdo rqh0uroh qr0vwudwhj|0phwkrg ghvljq dv lqwurgxfhg e| Ehuj hw do1
￿
Vhh Ehuj hw do1 ^6`/ Dvkudi hw do1 ^4`/ Ehoohpduh dqg Nurhjhu ^7`/ Exunv hw do1 ^9`/ Euxhokduw dqg







Wdeoh 5= Vhqghu 4 vwudwhjlhv lq wkh wuxvw jdph1
Uhwxuq vwudwhj| prqrwrqlflw| Q Dyhudjh uhwxuq Q
Ghfuhdvlqj 828; +<(, 3 <28; +49(,
Frqvwdqw 6928; +95(, +3/3166` 928; +44(,
Lqfuhdvlqj 4428; +4<(, +3166/318` 4728; +57(,
Qrw prqrwrqrxv 928; +43(, +318/319:` 5;28; +7;(,
+319:/4` 428; +5(,
Wdeoh 6= Vhqghu 5 vwudwhjlhv lq wkh wuxvw jdph1
^6` +vhh dovr wkh uhsolfdwlrq e| Exunv hw do1 ^9`,1 Wkh wzr0uroh wuhdwphqw zlwk sulru
nqrzohgjh e| Exunv hw do1 ^9` zklfk lv prvw vlplodu wr rxu ghvljq jdyh ulvh wr orzhu
dyhudjh wudqvihuv wkdq rxu h{shulphqw1
Wkh ehkdylru ri Vhqghu 5 lv vxppdul}hg lq Wdeoh 61 Prvw vxemhfwv +5528;/ 6;(,
fkrrvh wr uhwxuq wzr wklugv ri wkh uhfhlyhg dprxqw wr Vhqghu 4/ wkxv htxdol}lqj wkh sd|rv
ehwzhhq Vhqghu 4 dqg Vhqghu 51 Wkh dyhudjh uhwxuq lv 474( ri wkh dprxqw vhqw e| Vhqghu
41 Uhfdoo wkdw Vhqghu 5 sod|huv zhuh vxeplwwlqj d frpsohwh vwudwhj|/ l1h1 iudfwlrq wr uhwxuq
frqglwlrqdo rq uhfhlylqj 4/ 5 ru 6 srlqwv iurp Vhqghu 41 Prvw vxemhfwv +6928;/ 95(, fkrvh
wr uhwxuq wkh vdph iudfwlrq ri wkh uhfhlyhg dprxqw/ lqghshqghqw ri Vhqghu 4*v wudqvihu1
Wkh revhuyhg dyhudjh uhwxuq lv rq wkh kljkhu vlgh dprqj suhylrxv h{shulphqwv/ dqg
wklv ghvslwh wkh idfw wkdw zh xvh d vwudwhj| phwkrg dqg vxemhfwv vxeplw vwudwhj| iru erwk
urohv1 Wklv pljkw eh gxh wr wkh idfw wkdw vxemhfwv ghflglqj rq Vhqghu 5 vwudwhj| revhuyh rq
wkh vfuhhq wkh qdo sd|rv dvvrfldwhg zlwk wkh dydlodeoh dfwlrqv1 Dv lw lv/ rxu vxemhfwv vsolw
wkh vxusoxv jhqhudwhg e| wkh wudqvihu ri Vhqghu 4 prvw riwhq htxdoo|/ zkloh lq pdq| rwkhu
vwxglhv/ wkh uvw pryhuv eduho| pdnh surwv +ru pdnh orvvhv, rq wkh dprxqw wudqvihuuhg wr
wkh vhfrqg pryhu1 Prvw uhpdundeo|/ wkh wzr0uroh0sulru0nqzrzohgjh wuhdwphqw e| Exunv
hw do1 ^9` zklfk pljkw eh forvhvw wr rxu ghvljq ohdgv wr vwulnlqjo| orz uhwxuqv frpsduhg wr
rxuv1 Wkh pdlq glhuhqfh +vdih iru wkh glhuhqfhv lq wkh vwudwhj| vhw dqg suhvhqwdwlrq ri
qdo sd|rv, lv wkdw zh sd| vxemhfwv iru rqh uroh rqo| dowkrxjk vxemhfwv surylgh vwudwhjlhv
iru erwk urohv1 Uhgxfhg uhvsrqvlelolw| iru hduqlqjv ri wkh rwkhu vxemhfw xqghu wzr sdlg
urohv lq Exunv hw do1 ^9` pljkw kdyh frqwulexwhg wr orzhu frrshudwlrq udwhv frpsduhg wr
rxu h{shulphqw1
Iljxuh 4 vxppdul}hv wkh vxemhfw srro frpsrvlwlrq e| vwudwhjlhv vxeplwwhg lq wkh
wuxvw jdph e| d vxemhfw lq erwk urohv1 Lw vkrzv wkh iudfwlrq ri vxemhfwv xvlqj hdfk ri wkh
dydlodeoh uhwxuq dfwlrqv +ghshqglqj rq zkhq vxemhfw uhfhlyhg 4/ 5 ru 6 srlqwv dv Vhqghu 5,/
dqg hdfk ri wkh wudqvihu dfwlrqv1 Reylrxvo| / dv Vhqghu 5 sod|huv riwhq fkrrvh prqrwrqrxv
vwudwhjlhv/ wkhuh duh rqo| plqru txdqwlwdwlyh glhuhqfhv dfurvv wkh wkuhh wudqvihu ohyhov
<dydlodeoh wr Vhqghu 4 zkhq vxemhfwv ghflgh dv Vhqghu 51 Wkh prvw iuhtxhqw vwudwhj| lq
wkh h{shulphqw +vxeplwwhg e| durxqg rqh iwk ri wkh srsxodwlrq, hqwdlov wr wudqvihu doo
6 srlqwv dv Vhqghu 4 dqg uhwxuq edfn wzr wklugv ri wkh uhfhlyhg srlqwv dv Vhqghu 51 Wklv
vwudwhj| uhvxowv lq wkh h!flhqw dqg htxlwdeoh sd|r glvwulexwlrq ehwzhhq Vhqghu 4 dqg
Vhqghu 51 Dprqj wkh vxemhfwv zkr wudqvihu 3 srlqwv dv Vhqghu 4 +l1h1 fkrrvh d vwudwhj|
wkdw frxog hlwkhu eh lqwhusuhwhg dv wkh vwudwhj| ri d vhoi0lqwhuhvwhg lqglylgxdo ru d vwudwhj|
ri dq lqglylgxdo zlwk olwwoh %wuxvw%,/ zh qg wkdw prvw ri wkhp fdq eh ghvfulehg dv prqh|0
pd{lpl}huv/ l1h1 wkh| uhwxuq qrwklqj lq wkh uroh ri Vhqghu 51 Krzhyhu/ dovr vrph ri wkh
vxemhfwv wudqvihuulqj doo 6 srlqwv fkrrvh wr uhwxuq 3 srlqwv/ vxjjhvwlqj wkdw wkhlu wudqvihu
zdv qrw prwlydwhg e| wkh ghvluh wr vkduh sd|rv exw e| vwudwhjlf frqvlghudwlrqv1
Revhuydwlrq 4= Rq dyhudjh/ Vhqghu 4 sdvvhv durxqg wzr wklugv ri khu hqgrzphqw wr
Vhqghu 51 Wklv ghflvlrq wr wuxvw lv surwdeoh dv rq dyhudjh/ 474( ri wkh wudqvihu lv
uhwxuqhg edfn e| Vhqghu 51 Wkh prvw iuhtxhqw vwudwhj| frpelqdwlrq fkrvhq e| rqh
iwk ri doo vxemhfwv uhvxowv lq wkh h!flhqw dqg htxlwdeoh sd|r rxwfrph ri wkh wuxvw
jdph1
Ohw xv qrz glvfxvv wkh eholhiv wkdw vxemhfwv vxeplwwhg derxw wkh vwudwhjlhv ri wkhlu
dqrq|prxv fr0sod|hu1 Wkhvh eholhiv vkrz vhyhudo uhjxodulwlhv doorzlqj xv wr frqfoxgh wkdw
vxemhfwv sdlg dwwhqwlrq wr wkhlu irupxodwlrq1 I ru h{dpsoh/ ohvv wkdq rqh iwk ri doo vxemhfwv
sodfh doo zhljkw rq rqh ri wkh dydlodeoh dfwlrqv lq wkh irxu suredelolw| glvwulexwlrqv wkh|
kdg wr vxeplw/ zkloh wkh uhpdlqghu vsuhdg wkh suredelolw| zhljkw ryhu wzr ru pruh dfwlrqv1
Dovr/ rqo| 5 rxw ri wkh 565 wrwdoo| vxeplwwhg suredelolw| glvwulexwlrqv duh xqlirup/ l1h1
%xqlqiruphg%1 Prvw vxemhfwv dovr eholhyh wkdw rwkhuv duh vlplodu wr wkhp= wkh| dvvljq wkh
kljkhvw zhljkw lq wkh suredelolw| glvwulexwlrq wr wkh dfwlrq wkh| fkrvh wkhpvhoyhv +:9(
iru Vhqghu 4 vwudwhj| / dqg 99(/ 97(/ dqg :5( iru Vhqghu 5 vwudwhj| lq fdvh Vhqghu 4
wudqvihuuhg 4/ 5/ ru 6 srlqwv uhvshfwlyho|,1
Fdq zh udwlrqdol}h wkh ghflvlrq wr wudqvihu prqh| e| wkh vxemhfwv* eholhivB Prvw
vxemhfwv +76285/ ;6(, zkr wudqvihu prqh| lq wkh wuxvw jdph eholhyh wkdw wkh| zloo qrw
pdnh d orvv/ vhh W deoh 71 Lqghhg/ Vshdupdq*v fruuhodwlrq frh!flhqw ehwzhhq wkh dprxqw
wudqvihuuhg dqg wkh dyhudjh eholhyhg uhwxuq lv srvlwlyh dqg vljqlfdqw/ 3158< +s@31383,1
Rqh zrxog h{shfw wkdw wkh pruh d vxemhfw eholhyhv wr uhfhlyh edfn/ wkh pruh kh2vkh zloo
wudqvihu lq wkh wuxvw jdph1 Wklv lv vxssruwhg e| Mrqfkhhuh0W husvwud whvw +s@3137;,/ vhh
W deoh 71 Vxemhfwv zkr wudqvihuuhg 3 srlqwv lq wkh uroh ri Vhqghu 4 eholhyhg wr uhfhlyh edfn
wkh vpdoohvw iudfwlrq ri wkhlu wudqvihu +dqg ohvv wkdq wkh rqh wklug qhfhvvdu| vr wkdw wkhlu
wudqvihu lv qrw xqsurwdeoh,1 Lq sdluzlvh whvwv/ lw vwdqgv rxw wkdw lw lv lqghhg wkh vxemhfwv
zkr wudqvihuuhg 3 srlqwv dv Vhqghu 4 zkr eholhyhg lq vpdoohvw uhwxuqv lq frpsdulvrq wr
vxemhfwv fkrrvlqj vwulfwo| srvlwlyh wudqvihuv> wkh uhpdlqlqj sdluzlvh whvwv gr qrw xqfryhu
vljqlfdqw glhuhqfhv1 Vr/ wkh ghflvlrq wr wudqvihu ru qrw wr wudqvihu srlqwv dv Vhqghu 4
fdq eh udwlrqdol}hg e| wkh eholhi lq uhwxuq iurp Vhqghu 5 zklfk lv zhoo mxvwlhg lq wkh oljkw
ri dfwxdo uhwxuqv1 Vwlpxodwlqj vxemhfwv wr wklqn derxw erwk urohv lq wkh wuxvw jdph glg
qrw ohdg wr yhu| orz wudqvihuv1
Z h ixuwkhu lqyhvwljdwh zkhwkhu vxemhfwv* wudqvihuv duh udwlrqdo lq wkh vhqvh ri pd{lpl}0
lqj wkhlu h{shfwhg sd|r jlyhq wkh vxeplwwhg eholhiv/ vhh W deoh 81 Z h qg wkdw vxemhfwv















Returned fraction (if received 1 point)
Transfer











Returned fraction (if received 2 points)
Transfer











Returned fraction (if received 3 points)
Transfer
Iljxuh 4= Vxemhfw srro frpsrvlwlrq e| vwudwhjlhv vxeplwwhg lq wkh wuxvw jdph1 Uhwxuq
vwudwhj| zkhq vxemhfw uhfhlyhg 4 srlqw dv Vhqghu 5 +deryh,/ 5 srlqwv dv Vhqghu 5 +plggoh,
dqg 6 srlqwv dv Vhqghu 5 +ehorz,1
44Wudqvihu Q Dyhudjh eholhyhg uhwxuq Dyhudjh eholhyhg uhwxuq?3166 Dyhudjh eholhyhg uhwxuq3166
3 9 31599 729 +9:(, 529 +66(,
4 45 317:7 4245 +;(, 44245 +<5(,
5 49 3175: 6249 +4<(, 46249 +;4(,
6 57 31799 8257 +54(, 4<257 +:<(,
Wdeoh 7= Dyhudjh eholhyhg uhwxuq yv1 fkrvhq wudqvihu e| Vhqghu 41
Dfwxdo Eholhyhg wkdw sd|r lv pd{lpl}hg iru wudqvihu Eholhyhg pd{lpl}hu
wudqvihu 3 srlqwv 4 srlqw 5 srlqwv 6 srlqwv lv fkrvhq
3 srlqwv 6 5 3 4 629 +83(,
4 srlqw 4 3 5 < 3245 +3(,
5 srlqwv 3 4 7 44 7249 +58(,
6 srlqwv 7 3 5 4; 4;257 +:8(,
Wdeoh 8= H{shfwhg sd|r pd{lpl}lqj yv1 fkrvhq wudqvihu e| Vhqghu 41
zlwk wkhlu uhsruwhg eholhiv1 Rq wkh rwkhu kdqg/ vxemhfwv fkrrvlqj wkh prvw ulvn| %wuxvw0
lqj% dfwlrq duh wkrvh zkr duh prvw riwhq eholhylqj wkdw wklv dfwlrq zloo pd{lpl}h wkhlu
dyhudjh eholhyhg hduqlqjv lq wkh h{shulphqw1 Zkdwhyhu wkh prwlydwlrqv iru kroglqj vxfk
eholhiv duh +h{shfwdwlrqv ri uhflsurflw| ru vrph irup ri rwkhu0uhjduglqj suhihuhqfhv e| wkh
rwkhu vxemhfw,/ wkh kljkhvw wudqvihuv fdq eh mxvwlhg e| wkh eholhiv lq pdwhuldo sd|rv ri
vxfk dq dfwlrq1 Ryhudoo/ 5828; +76(, ri doo vxemhfwv fkrrvh wudqvihu wkdw lv frqvlvwhqw
zlwk h{shfwhg sd|r pd{lpl}dwlrq1 I rfxvlqj rq wkh wudqvihuv ri 4 dqg 5 srlqwv/ zkhuh
vxemhfwv pljkw ghyldwh iurp wkh sd|r pd{lpl}lqj wudqvihu erwk gluhfwlrqv/ zh vhh wkdw
5525; +:<(, ri wkhvh vxemhfwv wudqvihu ohvv wkdq wkh h{shfwhg sd|r pd{lpl}dwlrq zrxog
suhglfw/ vxjjhvwlqj wkdw ulvn dyhuvlrq pljkw sod| d uroh
￿
1 Rqo| 525; +:(, ri wkhp vhqw
pruh1
Revhuydwlrq 5= W udqvihuv lq wkh wuxvw jdph fdq eh udwlrqdol}hg e| wkh Vhqghu 4*v eholhi
lq uhwxuq iurp Vhqghu 51 Wkh dprxqw vhqw lq wkh W uxvw jdph dv Vhqghu 4 e| d vxemhfw
lv srvlwlyho| fruuhodwhg zlwk wkdw vxemhfw*v dyhudjh eholhyhg uhwxuq e| Vhqghu 51 Wkh
ghflvlrq wr wudqvihu 3 srlqwv lv dffrpsdqlhg e| wkh eholhi wkdw wudqvihuulqj vwulfwo|
srvlwlyh dprxqw zrxog |lhog d orvv1
Z h duh qrw dzduh ri dqrwkhu vwxg| wkdw xvhv dq lqfhqwlyh frpsdwleoh phfkdqlvp iru
froohfwlqj lqirupdwlrq rq vxemhfwv* eholhiv lq wkh wuxvw jdph1 Vhyhudo dxwkruv/ krzhyhu/
dffrpsdqlhg wkhlu wuxvw jdph h{shulphqwv e| xqsdlg txhvwlrqqdluhv dgguhvvlqj vxemhfwv*
h{shfwdwlrqv ri uhwxuq iurp wkh prqh| wudqvihuuhg lq wkh wuxvw jdph1 Prvwo| / wkhvh vwxglhv
duulyhg dw frqfoxvlrqv vlplodu wr rxuv1 I ru h{dpsoh/ Ruwpdq hw do1 ^58` dvn vxemhfwv lq
rqh ri wkhlu wuhdwphqwv +ehiruh wkh| sod| wkh jdph, krz pxfk wkhlu h{shfw lq uhwxuq dqg
frqfoxgh wkdw glhuhqfhv lq ehkdylru dfurvv vhvvlrqv duh fohduo| gulyhq e| wkhvh eholhiv1
Fkdxgkxul dqg Jdqjdgkdudq +^<`, dvn wkh txhvwlrq derxw h{shfwhg uhwxuq diwhu Vhqghu
￿
Vfkhfkwhu ^5:` surylghv hylghqfh iurp d hog h{shulphqw wkdw ulvn suhihuhqfhv lqghhg pdwwhu lq wuxvw
jdph1
45Glvwulexwlrqdo w|shv Q@8; Dyj1wudqvihu Dyj1uhwxuq Dyj1eholhyhg uhwxuq
Frpshwlwlyh ^09:18> 05518, < +49(, 4166 3164 3169
Lqglylgxdolvwlf ^05518> .5518` 6< +9:(, 41<8 3179 3176
Frrshudwlyh +5518> 9:18` < +49(, 51:; 3199 3188
Dowuxlvwlf +deryh 9:18, 4 +4(, 6133 3183 3185
W deoh 9= Glvwulexwlrqdo w|shv lq wkh vxemhfw srro edvhg rq wkh vrfldo ydoxdwlrq wdvn1
4 vxeplwwhg wudqvihu ghflvlrq exw ehiruh kh2vkh ohduqhg wkh dfwxdo uhwxuq/ dqg revhuyh
vljqlfdqw srvlwlyh fruuhodwlrq ehwzhhq wkhvh wzr yduldeohv1 Euxhokduw dqg Xvxqlhu ^;`
froohfwhg lqirupdwlrq rq h{shfwhg uhwxuqv iurp Vhqghu 4 sod|huv lq dq h{0srvw h{shulphqwdo
txhvwlrqqdluh dqg dovr frqfoxgh wkdw wkhvh eholhiv +dowkrxjk qrlv|, h{sodlq ghflvlrqv wdnhq
lq wkh wuxvw jdph1 Frqwudu| wr wklv/ Dvkudi hw do1 ^4` qg wkdw 6;( ri wuxvwlqj vxemhfwv
h{shfw wr pdnh d orvv rq wkh dprxqw wudqvihuuhg wr wkh vhfrqg pryhu 0 krzhyhu/ zh kdyh
wr uhpdun wkdw wkhvh vxemhfwv sod|hg wkh wuxvw jdph lq d ghvljq zkhuh rqo| wkh uvw
pryhu uhfhlyhg d srvlwlyh hqgrzphqw/ srvvleo| vwuhqjwkhqlqj wkh glvwulexwlrqdo prwlyhv
iru wudqvihuv1 Lq dq| fdvh/ wkh pruh rswlplvwlf lv wkh vxemhfwv* uhsruwhg eholhi lq whupv ri
h{shfwhg uhwxuq/ wkh kljkhu lv wkh dyhudjh wudqvihu wkh vxemhfw pdnhv/ hylghqflqj wkh uroh
ri wkh uhsruwhg h{shfwdwlrqv1 Frqqhfwlqj wuxvw dqg wuxvwzruwklqhvv e| d glhuhqw phwkrg/
Eduu ^5` vkrzv wkdw wkh ohyho ri wuxvw lq h{shulphqwv uxq dprqj phpehuv ri forvho| nqlw
yloodjh frppxqlwlhv lq ]lpedezh fdq eh h{sodlqhg e| wkh dyhudjh ohyho ri wuxvwzruwklqhvv
phdvxuhg lq wkh frppxqlw| e| wkh vhfrqg pryhuv* dfwlrqv lq wkh wuxvw jdph1 Ryhudoo/ wkh
hylghqfh irxqg lq wkh olwhudwxuh lv frqvlvwhqw zlwk wkh qglqjv suhvhqwhg khuh= vxemhfwv*
h{shfwdwlrqv dhfw wkh h{whqw ri wuxvw uh hfwhg lq wkhlu dfwlrqv1
616 Wkh uroh ri glvwulexwlrqdo suhihuhqfhv
Wkh phdvxuh ri glvwulexwlrqdo suhihuhqfhv lq rxu h{shulphqw lv wkh dqjoh ri wkh qdo sd|r
yhfwru rewdlqhg dv d vxp ri doo fkrvhq yhfwruv e| wkh vxemhfw lq wkh vrfldo ydoxdwlrq wdvn
+uhihuuhg wr dv %glvwulexwlrqdo dqjoh%,1 Vrflrorjlvwv fdwhjrul}h vxemhfwv zlwk glvwulexwlrqdo
dqjoh ehorz 05518 ghjuhhv dv frpshwlwlyh/ deryh 5518 ghjuhhv dv frrshudwlyh +dqg deryh
9:18 ghjuhhv dv dowuxlvwv,1 Vxemhfwv zlwk ydoxhv lq wkh lqwhuydo ^05518> .5518` ghjuhhv duh
frqvlghuhg lqglylgxdolvwlf1 Lq rxu h{shulphqw/ wzr wklugv ri wkh vxemhfwv vkrz lqglylgxdo0
lvwlf suhihuhqfhv/ wkh uhpdlqghu lv zloolqj wr ehdu frvwv lq rughu wr ghfuhdvh ru lqfuhdvh wkh
sd|r ri wkh rwkhu vxemhfw/ vkrzlqj frpshwlwlyh dqg frrshudwlyh suhihuhqfhv uhvshfwlyho| /




Ohw xv uvw frqfhqwudwh rq Vhqghu 5*v vwudwhjlhv1 Gr Vhqghu 5 sod|huv srvlwlyho| uhfls0
urfdwh/ l1h1 lv wkhuh d %suhplxp% rq uhwxuqv pdgh lq wkh wuxvw jdph ryhu zkdw d vxemhfw
zrxog zdqw wr vkduh dq|zd| gxh wr rzq glvwulexwlrqdo suhihuhqfhvB Iru rqh/ zh qg wkdw
wkh glvwulexwlrqdo dqjoh lv srvlwlyho| fruuhodwhg zlwk wkh dyhudjh uhwxuq vwudwhj| lq wkh




Wkh dyhudjh frqvlvwhqf| ri wkh fkrlfhv pdgh e| wkh vxemhfwv lq rxu h{shulphqw/ phdvxuhg e| wkh
ohqjkw ri wkh qdo sd|r yhfwru/ lv txlwh kljk/ ;9(1 Rhupdq hw do1 ^57` uhsruw wkh uhvshfwlyh shufhqwdjhv

















Iljxuh 5= Dyhudjh uhwxuqhg iudfwlrq e| lqglylgxdolvwlf w|sh1
zkr vkrz pruh srvlwlyh frqfhuq iru wkh sd|r ri wkh rwkhu vxemhfw lq wkh vrfldo ydoxd0
wlrq wdvn whqg wr uhwxuq pruh wkdq wkrvh zkr duh lqglhuhqw derxw hduqlqjv ri wkh rwkhu/
ru vslwhixo wrzdugv wkh rwkhu vxemhfw/ vhh W deoh 91 Zkloh frpshwlwlyh vxemhfwv uhwxuq
rq dyhudjh d iudfwlrq wkdw ohdyhv wkh wudqvihu e| Vhqghu 4 xqsurwdeoh/ lqglylgxdolvwlf
vxemhfwv uhwxuq dq dprxqw wkdw pdnhv wkh lqyhvwphqw surwdeoh1 Vxemhfwv fdwhjrul}hg dv
frrshudwlyh vkduh rq dyhudjh wkh uhfhlyhg dprxqw hyhq pruh dqg lq d zd| wkdw lqgxfhv
htxdo sd|rv ehwzhhq Vhqghu 4 dqg Vhqghu 51 Glvwulexwlrqdo suhihuhqfhv +dv h{suhvvhg
e| vxemhfwv* ghflvlrqv lq wkh vrfldo ydoxdwlrq wdvn, dhfw wkh zd| wkhvh vxemhfwv fkrrvh
uhwxuq vwudwhjlhv lq wkh wuxvw jdph1
Krzhyhu/ pruh fdq eh vdlg dqg wkhuh lv hylghqfh wkdw wkh uhwxuq vwudwhj| lq wkh wuxvw
jdph lv riwhqwlphv prwlydwhg e| uhflsurflw| 1 Z h fdq ghwhfw wklv iru vxemhfwv zkr jlyh
xs forvh wr qrwklqj lq wkh Vrfldo ydoxdwlrq wdvn/ exw uhwxuq vwulfwo| srvlwlyh iudfwlrq lq
wkh wuxvw jdph/ vxjjhvwlqj wkdw wkh| duh prwlydwhg e| uhflsurflw| udwkhu wkdq e| glvwul0
exwlrqdo prwlyhv1 Lq Iljxuh 5 rqh qgv iru wkuhh ghqlwlrqv ri lqglylgxdolvwlf vxemhfwv
+edvhg rq wkhlu qdo dqjoh frplqj iurp lqwhuydo ^08/8`/ ^043/43` ru 5518/ 5518`, wkh dyhu0
djh uhwxuq vwudwhj| ri wkhvh lqglylgxdolvwlf vxemhfwv1 Rqo| ohvv wkdq 58( ri wkrvh zkr
ehkdyh lq dffrugdqfh zlwk rzq sd|r pd{lpl}dwlrq lq wkh vrfldo ydoxdwlrq wdvn suhvhuyh
wkdw w|sh ri vwudwhj| lq wkh wuxvw jdph e| uhwxuqlqj ohvv wkdq rqh wklug ri wkh uhfhlyhg
dprxqw lq wkh uroh ri Vhqghu 51 Rq frqwudu| / wkuhh txduwhuv ri wkhvh vxemhfwv h{suhvvlqj
+qhduo|, lqglylgxdolvwlf suhihuhqfhv lq d sxuh glvwulexwlrq wdvn wudqvihu vljqlfdqw dprxqwv
ri prqh| edfn wr Vhqghu 4 lq wkh wuxvw jdph 0 73( ri wkhp fkrrvlqj wr htxdol}h sd|rv
ehwzhhq wkhpvhoyhv dqg wkh wuxvwru1 Z h wdnh wklv dv dq lpsruwdqw hylghqfh lq idyru ri
wkh uhflsurfdo prwlyhv lq wkh wuxvw jdph1
Revhuydwlrq 6= Wkh ghflvlrq wr uhwxuq prqh| lq wkh wuxvw jdph srvlwlyho| fruuhodwhv
zlwk wkh ghflvlrq wr vkduh prqh| lq wkh vrfldo ydoxdwlrq wdvn1 Pruhryhu/ wkuhh
txduwhuv ri vxemhfwv zkr duh fdwhjrul}hg dv lqglylgxdolvwlf lq wkh sxuh glvwulexwlrqdo
47wdvn gr uhwxuq prqh| lq wkh wuxvw jdph/ dq hylghqfh ri uhflsurfdo prwlyhv iru vkdulqj
lq wkh wuxvw jdph1
Qrz zh wxuq wr wkh pdlq txhvwlrq 0 krz wkh ghflvlrq wr wuxvw ghshqgv rq wkh glvwulex0
wlrqdo suhihuhqfhv1 Djdlq/ wkh glvwulexwlrqdo dqjoh lv srvlwlyho| fruuhodwhg zlwk wkh dyhudjh
dprxqw vhqw e| Vhqghu 4 +Vshdupdq fruuhodwlrq frh!flhqw 3166</ s@3133<,/ vhh Wdeoh 91
Wkh pruh d vxemhfw fduhv derxw sd|rv ri wkh rwkhu vxemhfw/ wkh pruh kh wudqvihuv lq wkh
uroh ri Vhqghu 41
Fdq zh uhfrqfloh wklv uroh ri glvwulexwlrqdo suhihuhqfhv zlwk wkh revhuydwlrq wkdw zh
pdgh ehiruh/ l1h1 wkh uroh ri eholhiv iru wuxvw lq wkh wuxvw jdphB Wkh dqvzhu lv klgghq lq wkh
olqn ehwzhhq vxemhfw*v glvwulexwlrqdo suhihuhqfhv dqg wkh eholhiv kh2vkh krogv1 Vxemhfw*v
glvwulexwlrqdo dqjoh lv qdpho| srvlwlyho| fruuhodwhg zlwk wkh dyhudjh eholhyhg uhwxuq e|
Vhqghu 5 +Vshdupdq fruuhodwlrq frh!flhqw htxdov 316<</ s@31335,1 Frrshudwlyh vxemhfwv
duh pruh olnho| wr eholhyh wkdw rwkhuv duh frrshudwlyh 0 vkrzlqj wkhuhiruh pruh wuxvw/ vhh
W deoh 9= frpshwlwlyh vxemhfwv h{shfw rq dyhudjh wkdw Vhqghu 5 sod|huv uhwxuq 69( ri zkdw
wkh| uhfhlyh/ lqglylgxdolvwlf vxemhfwv h{shfw rq dyhudjh d uhwxuq ri 76(/ zkloh frrshudwlyh
vxemhfwv h{shfw d uhwxuq ri 88(1
Revhuydwlrq 7= Vxemhfwv* eholhi wkdw dqrwkhu vxemhfw zloo srvlwlyho| uhflsurfdwh lq wkh
wuxvw jdph dqg vxemhfwv* surshqvlw| wr vkduh sd|r lq wkh vrfldo ydoxdwlrq wdvn duh
srvlwlyho| fruuhodwhg1
Wkh deryh revhuydwlrq krogv d nh| zk| zh fdq qg vxssruw erwk iru wkh uroh ri glvwul0
exwlrqdo suhihuhqfhv dv zhoo dv iru wkh uroh ri h{shfwdwlrqv iru wkh ghflvlrq wr wuxvw lq wkh
wuxvw jdph1 Sv|fkrorjlfdo wkhrulhv wkdw olqn lqglylgxdo*v vrfldo suhihuhqfhv +glvwulexwlrqdo
suhihuhqfhv, wr wkh eholhiv wkdw vxemhfw krogv derxw vrfldo suhihuhqfhv ri rwkhuv gdwh edfn
wr Nhooh| dqg Vwdkhovnl ^53` dqg uho| rq wkh lghd wkdw suhihuhqfhv jhqhudwh vhoi0ixooolqj
surskhflhv= frpshwlwruv/ h1j1/ gr qrw hqjdjh lq frrshudwlyh ehkdylru dqg khqfh holflw
xqfrrshudwlyh uhvsrqvh hyhq iurp frrshudwlyh lqglylgxdov/ zkloh frrshudwlyh lqglylgxdov
wdnh ulvn| exw mrlqwo| ehqhfldo dfwlrqv/ dqg wkhuhiruh duh dovr pruh olnho| wr revhuyh wkhp
lq rwkhuv1 Lq wklv zd| / vxemhfwv kroglqj glhuhqw vrfldo suhihuhqfhv pljkw irup glhulqj
eholhiv zlwk uhvshfw wr wkh vrfldo suhihuhqfhv ri rwkhuv lq wkh srsxodwlrq1 Wkh revhuydwlrq
suhvhqwhg deryh jlyhv vxssruw iru vxfk dq lqwhughshqghqfh ehwzhhq wkh vxemhfwv* glvwule0
xwlrqdo +vrfldo, suhihuhqfhv phdvxuhg lq wkh vrfldo ydoxdwlrq wdvn dqg wkhlu h{shfwdwlrqv
zlwk uhvshfw wr srvlwlyh uhflsurflw| / l1h1 frrshudwlrq/ ri rwkhuv lq wkh wuxvw jdph1
617 Frpelqlqj eholhiv dqg glvwulexwlrqdo suhihuhqfhv lq h{sodlq0
lqj wuxvw
Z h qrz surfhhg wr h{sodlq wkh ghflvlrq wr wuxvw lq wkh wuxvw jdph e| frpelqlqj wkh slhfhv
ri lqirupdwlrq zh froohfwhg derxw wkh vxemhfwv1 Zkhq xvlqj vxemhfwv* eholhiv dqg wkhlu
glvwulexwlrqdo suhihuhqfhv lq rqh uhjuhvvlrq/ krzhyhu/ zh kdyh wr wdnh lqwr dffrxqw wkdw
wkhvh vkrz lqwhughshqghqf|1 Wklv sureohp lv h{hpsolhg lq wkdw hdfk ri wkhp vhsdudwho| lv
vljqlfdqw +dw 43( ohyho dqg ehwwhu, lq wkh rughuhg orjlw uhjuhvvlrq h{sodlqlqj wkh ghflvlrq
wr wudqvihu 3/ 4/ 5 ru 6 srlqwv lq wkh Wuxvw jdph/ vhh W deoh :1
48Rughuhg orjlw prgho Frh!flhqw +Vwg1huuru,
Dyhudjh iudfwlrq eholhyhg wr eh uhwxuqhg 51:56 +4196;,-
Glvwulexwlrqdo dqjoh 3135< +31344,--
Pdoh 031453 +31848, 031646 +31854,
Txhvwlrq 4 +wuxvwzruwklqhvv ri rwkhuv, 031877 +31758, 031458 +31779,





--Vljqlfdqw dw 8( ohyho/-vljqlfdqw dw 43( ohyho1
W deoh := H{sodlqlqj wudqvihu lq wkh wuxvw jdph1
Lq rughu wr ghdo zlwk wklv frolqhdulw| sureohp/ zh h{sodlq Vhqghu 4*v ghflvlrq wr wudqvihu
ri 3/ 4/ 5 ru 6 srlqwv e| hvwlpdwlqj wkh iroorzlqj prgho=




￿ GD n 
￿ PDOH n 
￿ W UX VW n 
￿ W Z RUW KLQ HVV n % +4,
zkhuh { 5 if> > 2>  lv Vhqghu 4*v wudqvihu/ E
￿
lv wkdw frpsrqhqw ri eholhiv zklfk fdqqrw
eh h{sodlqhg e| wkh glvwulexwlrqdo suhihuhqfhv/ GD lv wkh glvwulexwlrqdo dqjoh/ P DOH




, htxdov 4 li vxemhfw lv pdoh dqg 3 li ihpdoh/ W UX VW lv
dqvzhu wr txhvwlrq 8 ri wkh jhqhudo txhvwlrqqdluh dv d phdvxuh ri vhoi0uhsruwhg wuxvw/ dqg




1 Khuh/ zh kdyh wdnhq lqwr dffrxqw wkdw vxemhfwv* eholhiv derxw
wkh srsxodwlrq frpsrvlwlrq duh olnho| wr eh dhfwhg e| wkhlu glvwulexwlrqdo suhihuhqfhv1
Y duldeoh E
￿
lvrodwhv wkh frpsrqhqw ri vxemhfwv* eholhiv qrw h{sodlqhg e| glvwulexwlrqdo
suhihuhqfhv1 Lw lv rewdlqhg iurp hvwlpdwlqj wkh iroorzlqj dx{loldu| ROV prgho=
E ' frqvw n 
￿
GD n  +5,
zkhuh wkh hvwlpdwhg 	  lv wkhq xvhg wr sur{| iru E
￿
lq htxdwlrq 41 Qrwh khuh wkdw
wkh vxemhfwv zhuh pdwfkhg lq wkh vrfldo ydoxdwlrq wdvn dqg lq wkh wuxvw jdph wr glhuhqw
fr0sod|huv/ khqfh lw lv uhdvrqdeoh wr dvvxph wkdw wkh phdvxuhg glvwulexwlrqdo suhihuhqfhv
duh h{rjhqrxv ylv0ã0ylv wkh ghflvlrq surfhvv lq wkh wuxvw jdph1
Wkh wzr0vwdjh surfhgxuh ohdgv wr wkh hvwlpdwhv suhvhqwhg lq W deoh ;1 Iluvw/ zh qg
qr hylghqfh wkdw txhvwlrqqdluh gdwd h{sodlqv ehkdylru lq wkh wuxvw jdph1 Vlploduo| / wkh
gxpp| yduldeoh iru vxemhfw ehlqj pdoh lv qrw vljqlfdqwo| glhuhqw iurp }hur1 Prvw
lqwhuhvwlqjo| / wkrxjk/ zh qg wkdw wkh lpsdfw vxemhfw*v eholhiv kdyh rq wkh ghflvlrq wr
wuxvw lq wkh wuxvw jdph lv fdswxuhg e| wkh glvwulexwlrqdo dqjoh1 Wklv fdq eh revhuyhg




Phq duh riwhq irxqg wr eh pruh surqh wr wdnh ulvn wkdq zrphq/ srvvleo| ohdglqj wr jhqghu glhuhqfhv




Zh hvwlpdwhg doo uhjuhvvlrqv xvlqj dovr wkh phdvxuhv ri wuxvw dqg wuxvwzruwklqhvv frqvwuxfwhg lq vxe0
vhfwlrq 6141 Iurp gdwd rq 7428; wkxv fdwhjrul}hg vxemhfwv/ zh rewdlq txdolwdwlyho| wkh vdph revhuydwlrqv
dv wkrvh glvfxvvhg khuh +iurp doo 8; vxemhfwv, wkdw duh edvhg rq txhvwlrqv 4 dqg 8 ri wkh txhvwlrqqdluh
rqo|1
49Rughuhg orjlw Frh!flhqw +Vwg1huuru,
Dyhudjh iudfwlrq eholhyhg wr eh uhwxuqhg ruwkrjrqdo wr glvwulexwlrqdo dqjoh +E
￿
, 4164: +41:73,
Glvwulexwlrqdo dqjoh 3135< +31344,--
Pdoh 031568 +31864,
Txhvwlrq 4 +wuxvwzruwklqhvv ri rwkhuv, 0314<; +3178;,




---Vljqlfdqw dw 4( ohyho> --vljqlfdqw dw 8( ohyho1
W deoh ;= H{sodlqlqj wudqvihu lq wkh wuxvw jdph 0 wzr vwdjh surfhgxuh1
ruwkrjrqdo wr wkh glvwulexwlrqdo dqjoh grhv qrw lqfuhdvh vljqlfdqwo| wkh suredelolw| wr
fkrrvh d kljkhu wudqvihu lq wkh wuxvw jdph1 Wkh hhfw ri wkh glvwulexwlrqdo dqjoh lwvhoi lv
wkhuhe| dv h{shfwhg 0 wkh kljkhu zhljkw d vxemhfw sxwv rq wkh sd|r ri dqrwkhu lqglylgxdo/
wkh pruh olnho| kh lv wr pdnh kljkhu wudqvihuv lq wkh wuxvw jdph/ diwhu frqwuroolqj iru doo
rwkhu srvvleoh h{sodqdwru| yduldeohv1 Wklv ohdgv xv wr wkh iroorzlqj frqfoxvlrq=
Revhuydwlrq 8= Vxemhfw*v ghflvlrq wr sodfh wuxvw lq dqrwkhu dqrq|prxv vxemhfw lq wkh
wuxvw jdph lv jxlghg e| klv eholhi lq uhwxuq/ zklfk lq lwvhoi lv h{sodlqhg e| wkh glv0
wulexwlrqdo suhihuhqfhv khog e| wkh vxemhfw1 Vxemhfwv zkr suhihu wr lqfuhdvh sd|rv
ri rwkhuv lq d sxuh glvwulexwlrqdo wdvn dowkrxjk lw lv frvwo| wr wkhp duh pruh olnho|
wr eholhyh wkdw rwkhuv zloo gr wkh vdph/ dqg khqfh wkh| duh pruh olnho| wr wuxvw1
Pruhryhu/ sxuh glvwulexwlrqdo suhihuhqfhv/ lqghshqghqw ri wkh vxemhfw*v eholhi/ dovr
prwlydwh vxemhfw*v ghflvlrq wr wudqvihu prqh| lq wkh wuxvw jdph1
7 Frqfoxvlrqv
Lq wklv sdshu/ zh frpelqh lqirupdwlrq iurp xqsdlg txhvwlrqqdluhv/ fkrlfhv pdgh lq d
vrfldo ydoxdwlrq wdvn phdvxulqj vxemhfwv* glvwulexwlrqdo suhihuhqfhv/ vwudwhjlhv vxeplwwhg
lq wkh wuxvw jdph iru erwk urohv +sulru wr udqgrpo| vhohfwlqj wkh rqh uroh iru zklfk wkh
vxemhfw zdv sdlg,/ dqg vxemhfwv* eholhiv ryhu wkh dfwlrqv ri wkh dqrq|prxv rwkhu vxemhfw
wkh| zhuh pdwfkhg zlwk1 Lq wklv zd| / zh dgguhvv wkh txhvwlrq zkhwkhu dqg lq zklfk
zd| glvwulexwlrqdo suhihuhqfhv dqg vxemhfwv* eholhiv dhfw wkhlu wuxvw +l1h1 eholhi lq wkh
srvlwlyh uhflsurflw| ri dq dqrq|prxv wuxvwhh, dqg wkhlu wuxvwzruwklqhvv +l1h1 surshqvlw|
wr uhflsurfdwh srvlwlyho| wkh wuxvwru*v dfwlrq,1 Z h xvh zlwklq0vxemhfwv ghvljq dqg jlyh
vxemhfwv pdwhuldo lqfhqwlyhv lq wkh irup ri txdgudwlf vfrulqj uxoh lq rughu wr vxeplw
eholhiv wkdw uhsuhvhqw wkhlu wuxh eholhiv1
Z h qg/ frqvlvwhqw zlwk suhylrxv olwhudwxuh/ wkdw txhvwlrqqdluh gdwd shuirupv srru
lq h{sodlqlqj ehkdylru lq wkh wuxvw jdph1 Rq wkh rwkhu kdqg/ wkhuh lv d vwurqj vxssruw
iru wkh uroh ri vxemhfwv* eholhiv lq wkh ghflvlrq wr wudqvihu prqh| 1 Xvlqj qrqsdudphwulf
whvwv/ wkh h{shfwdwlrq ri d surw rq wkh wudqvihuuhg prqh| h{sodlqv prvw ri wkh wudqvihuv
pdgh1 Krzhyhu/ sxuh glvwulexwlrqdo suhihuhqfhv phdvxuhg lq wkh vrfldo ydoxdwlrq wdvn
dovr sod| d uroh lq wuxvwlqj/ dv wkh| duh fruuhodwhg zlwk wkh wudqvihuv pdgh lq wkh wuxvw
jdph1 Uhfrqflolqj wkhvh slhfhv ri lqirupdwlrq/ zh vkrz wkdw wkh vxemhfwv* eholhiv duh qrw
4:lqghshqghqw ri klv2khu glvwulexwlrqdo suhihuhqfhv1 Vxemhfwv zkr vshqg prqh| lq rughu wr
vkduh wkhlu sd|r zlwk dqrwkhu dqrq|prxv vxemhfw lq wkh vrfldo ydoxdwlrq wdvn dfwxdoo|
krog pruh rswlplvwlf eholhiv zlwk uhvshfw wr wkh srvlwlyh uhflsurflw| ri rwkhuv lq wkh vxemhfw
srro1 Lq wklv zd| / rxu dqvzhu wr wkh txhvwlrq %lv wuxvw d eholhi lq srvlwlyh uhflsurflw| ri wkh
wuxvwhh ru dq h{suhvvlrq ri wkh wuxvwru*v suhihuhqfh iru glvwulexwlqj prqh|% uhdgv %erwk
duh fruuhfw%1 Z h frqfoxgh wkdw glvwulexwlrqdo suhihuhqfhv 0 ehvlghv sod|lqj d gluhfw uroh
uhfrjql}hg ehiruh 0 gr dovr sod| dq lpsruwdqw lqgluhfw uroh/ qdpho| yld vxemhfwv* eholhiv1
Vxemhfwv zkr duh zloolqj wr vshqg prqh| lq rughu wr lqfuhdvh pdwhuldo sd|rv ri rwkhuv
lq wkh sxuh glvwulexwlrqdo wdvn duh wkrvh zkrvh eholhiv derxw wkh srvlwlyh uhflsurflw| ri
rwkhuv duh pruh rswlplvwlf1 Wkhuhiruh/ wkh| wuxvw pruh1
8 Dsshqgl{ 4= Txhvwlrqqdluh
41 Jhqhudoo| vshdnlqj/ zrxog |rx vd| wkdw prvw shrsoh fdq eh wuxvwhg ru wkdw |rx fdq*w eh wrr fduhixo
lq ghdolqj zlwk shrsohB
+d, Prvw shrsoh fdq eh wuxvwhg
+e, \rx fdq*w eh wrr fduhixo lq ghdolqj zlwk shrsoh
+f, L grq*w nqrz
51 Krz riwhq gr |rx wklqn wkdw shrsoh zrxog wu| wr wdnh dgydqwdjh ri |rx li wkh| jrw wkh fkdqfh dqg
krz riwhq zrxog wkh| wu| wr eh idluB
+d, Shrsoh wu| wr wdnh dgydqwdjh doprvw doo ri wkh wlph
+e, Shrsoh wu| wr wdnh dgydqwdjh prvw ri wkh wlph
+f, Shrsoh wu| wr eh idlu prvw ri wkh wlph
+g, Shrsoh wu| wr eh idlu doprvw doo ri wkh wlph
+h, L fdq*w fkrrvh
61 Z rxog |rx vd| wkdw prvw ri wkh wlph shrsoh wu| wr eh khosixo/ ru wkdw wkh| duh prvwo| mxvw orrnlqj
rxw iru wkhpvhoyhvB
+d, Shrsoh wu| wr eh khosixo
+e, Shrsoh mxvw orrn rxw iru wkhpvhoyhv
+f, L grq*w nqrz
71 Gr |rx wklqn prvw shrsoh fdq eh wuxvwhgB
+d, \hv
+e, Qr
+f, L grq*w nqrz





+h, L grq*w nqrz
91 Gr |rx wklqn prvw shrsoh zrxog wu| wr wdnh dgydqwdjh ri |rx li wkh| jrw d fkdqfh/ ru zrxog wkh|
wu| wr eh idluB
+d, Prvw shrsoh zrxog wdnh dgydqwdjh ri |rx
+e, Prvw shrsoh zrxog wu| wr eh idlu




;1 P| djh lv= 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
<1 P| vwxg| pdmru lv= 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
9 Dsshqgl{ 5= Lqvwuxfwlrqv iru wkh sduwlflsdqwv
Wkh iroorzlqj lqvwuxfwlrqv zhuh uhdg dorxg wr wkh vxemhfwv iru hdfk wdvn vhsdudwho| 1 Vhh
dovr W deoh < iru doo 57 ghflvlrq vlwxdwlrqv ri W dvn 41
Jhqhudo lqvwuxfwlrqv
\rx zloo qrz sduwlflsdwh lq dq h{shulphqw rq hfrqrplf ghflvlrq0pdnlqj1 Wkh h{shulphqw zloo odvw
dssur{lpdwho| rqh dqg d kdoi krxuv1 \rx zloo eh sdlg diwhu wkh h{shulphqw1 Qr rwkhu sduwlflsdqw zloo
ohduq krz pxfk |rx hduqhg1
\rx zloo eh sdlg 4 srxqg sduwlflsdwlrq ihh SOXV dq| hduqlqjv |rx zloo pdnh lq wkh h{shulphqw1 Krz
pxfk |rx hduq fuxfldoo| ghshqgv rq |rxu ghflvlrqv lq wkh h{shulphqw1 Gxulqj wkh h{shulphqw/ doo |rxu
hduqlqjv duh lq srlqwv1 Dw wkh hqg ri wkh h{shulphqw/ |rx zloo eh sdlg uhdo prqh| iru wkh srlqwv |rx
hduqhg1 Wkh h{fkdqjh udwh lv=4 srlqw @ 318 srxqg
Zh*g olnh wr dvn |rx qrw wr wdon wr rwkhu sduwlflsdqwv gxulqj wkh h{shulphqw1 Glvreh|lqj wklv uxoh
uhvxowv lq |rxu h{foxvlrq iurp wkh h{shulphqw1 Li |rx kdyh dq| txhvwlrqv gxulqj wkh h{shulphqw/ mxvw
udlvh |rxu kdqg dqg zh zloo frph wr |rx wr dqvzhu wkhp1 Qrwh krzhyhu wkdw zh gr qrw dqvzhu txhvwlrqv
ri wkh w|sh zkdw vkdoo L gr lq wkh h{shulphqwB 0 lw lv |rxu rzq ghflvlrq1 Z h/ krzhyhu/ duh kdss| wr
dqvzhu txhvwlrqv rq krz wr xvh wkh frpsxwhu wr pdnh |rxu ghflvlrqv1
Ehiruh zh vwduw wkh h{shulphqw/ zh zrxog olnh wr dvn |rx wr jlyh dqvzhu wr d ihz txhvwlrqv lq wkh
iroorzlqj txhvwlrqqdluh1 \rxu dqvzhuv kdyh qr frqvhtxhqfhv iru |rxu sd|phqwv lq wkh h{shulphqw1
4<W dvn 4
Wkh h{shulphqw frqvlvwv ri wkuhh wdvnv1 \rx zloo eh sdlg iru doo wkuhh ri wkhp1 Wkhuh lv qrw zd| lq
zklfk |rxu ghflvlrqv lq rqh wdvn dhfw |rxu sd|phqwv lq dqrwkhu wdvn1 Wkh wdvnv duh ixoo| lqghshqghqw1
Hdfk wlph/ zh uvw ghvfuleh wkh wdvn dqg dvn |rx wr pdnh ghflvlrqv lq lw1 Rqo| wkhq zh ghvfuleh qh{w
wdvn1 Diwhu wkhvh wkuhh wdvnv/ |rx zloo eh sdlg rxw dqrq|prxvo|1
WDVN 4= Lq wklv wdvn/ |rx zloo idfh 57 glhuhqw vlwxdwlrqv/ lq zklfk |rx pxvw pdnh d fkrlfh ehwzhhq
wzr rswlrqv glvsod|hg rq wkh vfuhhq1 Hdfk fkrlfh kdv frqvhtxhqfhv iru |rxu hduqlqjv dv zhoo dv iru wkh
hduqlqjv ri rqh rwkhu sduwlflsdqw lq wklv urrp1 \rx zloo eh udqgrpo| dvvljqhg wr rqh dqg wkh vdph
sduwlflsdqw iru doo 57 vlwxdwlrqv lq wklv wdvn1 Qhlwkhu ri |rx zloo ohduq wkh rwkhu shuvrq*v lghqwlw|/ qrw
gxulqj wkh h{shulphqw/ qru diwhuzdugv1
Iru hdfk rswlrq lq hdfk ri wkh 57 vlwxdwlrqv/ wzr qxpehuv zloo eh glvsod|hg= wkh qxpehu ri srlqwv
|rx zloo uhfhlyh |rxuvhoi +srvlwlyh ru qhjdwlyh, zkhq |rx fkrrvh wklv rswlrq/ dqg wkh qxpehu ri srlqwv
+srvlwlyh ru qhjdwlyh, wkh rwkhu sduwlflsdqw zloo uhfhlyh zkhq |rx fkrrvh wklv rswlrq1
\rxu hduqlqjv lq wklv wdvn htxdo wkh vxp ri srlqwv doorfdwhg wr |rx lq wkh rswlrqv wkdw |rx fkrvh/
SOXV wkh vxp ri srlqwv wkdw zhuh doorfdwhg wr |rx dv d uhvxow ri wkh fkrlfhv pdgh e| wkh rwkhu sduwlflsdqw1
Vlploduo| / wkh hduqlqjv ri wkh rwkhu sduwlflsdqw lq wklv wdvn htxdo wkh vxp ri srlqwv doorfdwhg wr klp2khuvhoi
lq wkh rswlrqv wkdw kh2vkh fkrvh/ SOXV wkh vxp ri srlqwv wkdw zhuh doorfdwhg wr klp2khu dv d uhvxow ri
|rxu fkrlfhv1 Wkh wrwdo qxpehu ri srlqwv dvvljqhg wr |rx e| wkh rwkhu sduwlflsdqw lv rqo| uhyhdohg wr |rx
dw wkh hqg ri wkh h{shulphqw +diwhu doo wkuhh wdvnv duh grqh,1




1 Lw glvsod|v rqh ri wkh 57 vlwxdwlrqv |rx zloo idfh1 Li |rx fkrrvh
wkh xsshu rswlrq/ :8 srlqwv zloo eh ghgxfwhg iurp |rxu wrwdo/ dqg 463 srlqwv zloo eh dgghg wr wkh rwkhu
sduwlflsdqw*v wrwdo1 Li |rx fkrrvh wkh orzhu rswlrq/ 6< srlqwv zloo eh ghgxfwhg iurp |rxu wrwdo/ dqg 478
srlqwv zloo eh dgghg wr wkh rwkhu sduwlflsdqw*v wrwdo1
Qrwh wkdw gxulqj wkh h{shulphqw |rx zloo qrw jhw dq| lqirupdwlrq derxw wkh fkrlfhv pdgh e| wkh
sduwlflsdqw zlwk zkrp |rx duh sdluhg lq wklv wdvn1 Qru zloo wkh sduwlflsdqw zlwk zkrp |rx duh sdluhg
jhw dq| lqirupdwlrq derxw |rxu fkrlfhv1 \rx zloo uhfhlyh lqirupdwlrq derxw wkh qxpehu ri srlqwv hduqhg
lq wdvn 4 rqo| dw wkh hqg ri wkh h{shulphqw1 Sohdvh/ udlvh |rxu kdqg li |rx kdyh txhvwlrqv dw wklv prphqw1
Qrwh wkdw zh gr qrw dqvzhu txhvwlrqv ri wkh w|sh zkdw vkdoo L gr lq wkh h{shulphqwB  lw lv |rxu rzq
ghflvlrq1 Z h duh/ krzhyhu/ kdss| wr dqvzhu dq| txhvwlrqv derxw wkh zd| |rxu srlqwv duh fdofxodwhg/ ru
krz wkh frpsxwhu surjudp zrunv1 Li wkhuh duh qr ixuwkhu txhvwlrqv/ zh zloo qrz vwduw e| d vkruw whvw wr
pdnh vxuh wkdw hyhu|erg| xqghuvwdqgv krz srlqwv duh hduqhg lq Wdvn 41
W dvn 5
Lq Wdvn 5/ wkh frpsxwhu zloo pdwfk |rx dw udqgrp wr rqh rwkhu sduwlflsdqw lq wklv urrp1 Wklv lv
vrpherg| glhuhqw wkdq lq Wdvn 41 \rx zloo qrw ohduq wkh lghqwlw| ri wkdw sduwlflsdqw1 Lq wklv wdvn/ rqh
ri |rx zloo eh Vhqghu 4/ dqg wkh rwkhu Vhqghu 51
\rx zloo pdnh uvw ghflvlrqv erwk dv Vhqghu 4 dqg dv Vhqghu 51 Dw wkh hqg ri wkh h{shulphqw/ wkh
frpsxwhu zloo udqgrpo| ghflgh zklfk ri |rx lv Vhqghu 4 dqg zklfk ri |rx Vhqghu 51 \rx zloo eh wkhq
sdlg RQO\ dffruglqj wr wkh ghflvlrqv pdgh lq wkh urohv dvvljqhg e| wkh frpsxwhu1 Ohw xv h{sodlq wkh
ghflvlrq vlwxdwlrq ri Vhqghu 4 dqg Vhqghu 51 Iluvw/ Vhqghu 4 pdnhv d fkrlfh dqg wkhq Vhqghu 51 Erwk
Vhqghu 4 dqg Vhqghu 5 uhfhlyhv dq lqlwldo hqgrzphqw ri 6 srlqwv1
VHQGHU 4 kdv wr fkrrvh krz pdq| rxw ri wkh 6 srlqwv/ kh2vkh zloo vhqg wr Vhqghu 51 Vhqghu 4 fdq
fkrrvh dq| qxpehu 3/ 4/ 5/ ru 6/ vhh wkh jxuh ehorz1




Doo frpsxwhu vfuhhqvkrwv duh dydlodeoh iurp wkh dxwkruv rq uhtxhvw1
53Vlwxdwlrq Rughu lq Rswlrq D Rswlrq E
h{shulphqw Dprxqw vhoi Dprxqw rwkhu Dprxqw vhoi Dprxqw rwkhu
4 53 .4813 313 .4718 061<
5 4: .4718 061< .4613 0:18
6 45 .4613 0:18 .4319 04319
7 55 .4319 04319 .:18 04613
8 49 .:18 04613 .61< 04718
9 8 .61< 04718 313 04813
: 4; 313 04813 061< 04718
; 56 061< 04718 0:18 04613
< 4< 0:18 04613 04319 04319
43 7 04319 04319 04613 0:18
44 54 04613 0:18 04718 061<
45 5 04718 061< 04813 313
46 : 04813 313 04718 .61<
47 < 04718 .61< 04613 .:18
48 9 04613 .:18 04319 .4319
49 47 04319 .4319 0:18 .4613
4: 4 0:18 .4613 061< .4718
4; 48 061< .4718 313 .4813
4< 6 313 .4813 .61< .4718
53 46 .61< .4718 .:18 .4613
54 44 .:18 .4613 .4319 .4319
55 ; .4319 .4319 .4613 .:18
56 43 .4613 .:18 .4718 .61<
57 57 .4718 .61< .4813 313
Wdeoh <= Vrfldo ydoxdwlrq wdvn1
54klp2khu1 Qrz/ Vhqghu 5 kdv wr fkrrvh zkdw iudfwlrq ri wkh uhfhlyhg srlqwv kh2vkh zloo vhqg edfn wr
Vhqghu 41 Vhqghu 5 fdq fkrrvh wr vhqg edfn qrwklqj/ rqh wklug/ rqh kdoi/ wzr wklug ru doo wkh srlqwv
uhfhlyhg1
Ehfdxvh wkh ghflvlrqv ri erwk Vhqghu 4 dqg Vhqghu 5 zloo eh dqqrxqfhg rqo| dw wkh hqg ri wkh
h{shulphqw/ Vhqghu 5 kdv wr pdnh wkh fkrlfh zkdw iudfwlrq ri srlqwv wr vhqg edfn iru hyhu| srvvleoh
qxpehu ri srlqwv juhdwhu wkdq 3 wkdw Vhqghu 4 pljkw vhqg wr klp2khu1 Vhh frpsxwhu vfuhhqv rq wkh qh{w
sdjh1
Dw wkh hqg ri wkh h{shulphqw
 li wkh frpsxwhu ghflghv wkdw |rx duh VHQGHU 4/ |rx hduq 6 srlqwv/ PLQXV wkh qxpehu ri srlqwv
wkdw |rx vhqw wr Vhqghu 5 dv Vhqghu 4/ SOXV wkh qxpehu ri srlqwv Vhqghu 5 ghflghg wr vhqg edfn wr |rx1
 li wkh frpsxwhu ghflghv wkdw |rx duh VHQGHU 5/ |rx hduq 6 srlqwv SOXV wkuhh wlphv wkh qxpehu
ri srlqwv Vhqghu 4 vhqw wr |rx PLQXV wkh qxpehu ri srlqwv wkdw |rx vhqw edfn wr Vhqghu 41
Wkh wdeoh ehorz +vhh jxuh,/ vkrzv wkh qdo qxpehu ri srlqwv wr Vhqghu 4 dqg Vhqghu 5 iru hyhu|
frpelqdwlrq ri srvvleoh fkrlfhv pdgh e| wkhp1
W dvn 6
Lq Wdvn 6/ zh dvn |rx wr jlyh xv |rxu jxhvv derxw wkh fkrlfhv pdgh lq Wdvn 5 e| wkh rwkhu sduwlflsdqw
|rx zhuh pdwfkhg wr1 \rx zloo eh sdlg iru wkh suhflvlrq zlwk zklfk |rx zloo pdnh |rxu jxhvvhv1
Zh dvn |rx wr jlyh xv |rxu hvwlpdwhv ri zkdw wkh sduwlflsdqw pdwfkhg wr |rx glg dv Vhqghu 4 dqg dv
Vhqghu 51 \rx zloo eh sdlg iru doo jxhvvhv1
Iluvw/ zh dvn |rx wr jxhvv zkdw wkh rwkhu sduwlflsdqw glg dv Vhqghu 4/ vhh wkh jxuh ehorz1 Lq
sduwlfxodu/ zh dvn |rx wr hvwlpdwh wkh suredelolw| zlwk zklfk wkh rwkhu sduwlflsdqw dv Vhqghu 4 vhqw hdfk
ri wkh srvvleoh qxpehu ri srlqwv= 3/ 4/ 5 dqg 6 srlqwv1 Wkdw phdqv/ |rx kdyh wr vxeplw irxu qxpehuv1
Hdfk uhsuhvhqwv wkh suredelolw| ri rqh ri wkhvh srvvleoh fkrlfhv ri Vhqghu 41 Wkhuhiruh/ wkhvh irxu qxpehuv
kdyh wr dgg xs wr 4/ dqg hdfk ri wkhp kdv wr pxvw qrw eh vpdoohu wkdq 3 ru odujhu wkdq 41
Vhfrqg/ zh dvn |rx wr hvwlpdwh zkdw rwkhu sduwlflsdqw glg dv Vhqghu 5/ vhh wkh jxuh ehorz1 Lq
sduwlfxodu/ iru hyhu| srvvleoh qxpehu ri srlqwv juhdwhu wkdq 3 wkdw Vhqghu 5 pljkw uhfhlyh +wkdw phdqv
iru 6/ 9 dqg iru < srlqwv, zh dvn |rx wr hvwlpdwh wkh suredelolw| wkdw Vhqghu 5 uhwxuqhg qrwklqj/ rqh
wklug/ rqh kdoi/ wzr wklug/ ru hyhu|wklqj ri wkh uhfhlyhg ri srlqwv1 Wkdw phdqv/ |rx pdnh wkuhh vhsdudwh
hvwlpdwhv +iru wkh fdvh li Vhqghu 5 uhfhlyhv 6/ 9 ru < srlqwv, dqg lq hdfk ri wkhp/ |rx kdyh wr vxeplw yh
qxpehuv zklfk uhsuhvhqw wkh suredelolw| ri hdfk ri wkh srvvleoh fkrlfhv ri Vhqghu 5 +vhqg edfn qrwklqj/
rqh wklug/ rqh kdoi/ wzr wklug/ hyhu|wklqj,1 Wkhvh yh qxpehuv kdyh wr dgg xs wr 4/ dqg hdfk ri wkhp
kdv wr pxvw qrw eh vpdoohu wkdq 3 ru odujhu wkdq 41
Ohw xv qrz h{sodlq krz zh zloo sd| |rx iru |rxu jxhvvhv1 Vxssrvh |rx pdnh d jxhvv wkdw wkh rwkhu
vxemhfw dv Vhqghu 5 +vd|/ lq fdvh kh uhfhlyhg 9 srlqwv, zloo uhwxuq qrwklqj zlwk suredelolw| D/ uhwxuq rqh
wklug zlwk suredelolw| E/ uhwxuq rqh kdoi zlwk suredelolw| F/ uhwxuq wzr wklug zlwk suredelolw| G/ uhwxuq
hyhu|wklqj zlwk suredelolw| H1 D/E/F/G/H uhsuhvhqw qxpehuv ehwzhhq 3 dqg 4/ vdwlvi|lqj D.E.F.G.H@
41 Dqg vxssrvh wkdw lq uhdolw|/ wkh rwkhu vxemhfw lq wkh uroh ri Vhqghu 5 pdgh rqh ri wkhvh fkrlfhv/ vd|
fkrlfh wr uhwxuq hyhu|wklqj1 Wkhq/ zh sd| |rx iru |rxu jxhvv wkh iroorzlqj dprxqw ri prqh|= 4 srlqw
SOXV grxeoh |rxu jxhvv iru wkh wuxh fkrlfh PLQXV wkh vxp ri wkh vtxduhg jxhvvhv iru doo wkh fkrlfhv1











Wkh uhdvrq zh sd| |rx olnh wklv lv wkh iroorzlqj= jlyhq wklv sd|phqw uxoh/ lw lv lq |rxu ehvw lqwhuhvw
+pd{lpl}hv wkh qxpehu ri srlqwv |rx hduq, li |rx wu| wr jxhvv wkh suredelolwlhv ri wkh fkrlfhv ri wkh rwkhu
shuvrq dv suhflvh dv srvvleoh1 Revhuyh wkdw zkhq |rxu jxhvv sodfhv suredelolw| 4 rq rqh ri wkh srvvleoh
fkrlfhv/ dqg wklv fkrlfh lv wkh wuxh fkrlfh/ wkhq |rxu hduqlqj htxdov 5 srlqwv +l1h1 4 srxqg,1 Wklv lv
pd{lpxp |rx fdq hduq iru |rxu jxhvv1 Dovr/ zkhq |rxu jxhvv sodfhv suredelolw| 4 rq rqh ri wkh srvvleoh
55fkrlfhv/ dqg wklv fkrlfh lv QRW wkh wuxh fkrlfh/ wkhq |rxu hduqlqj htxdov 3 srlqwv +l1h1 3 srxqgv,1 Wklv lv
pd{lpxp |rx fdq hduq iru |rxu jxhvv1 Z h rqo| uhplqg |rxu wkdw |rx zloo pdnh dowrjhwkhu irxu jxhvvhv
+rqh iru Vhqghu 4 fkrlfh dqg wkuhh iru Vhqghu 5 fkrlfhv,/ wkhuhiruh wkh pd{lpxp |rx fdq hduq lv 7 srxqgv
dqg plqlpxp lv 3 srxqgv1
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